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1 TECHNICAL FIELD 
The invention belongs *e field of antaa. heal* and in e,uine ^^^^ 
Tl,e invention provides vacdne compositions co«,prising open readn,g ftan, ^M) 2. 
OmTII 7 nuCeic acid of EAV. .udeic acid s»d 0KF2. OM 5 and ORF 7 an 
ro:s::Hs.gsaidOK.s.THeinvention^e..e.s^»ti«u^^^^^ 
vectors in the manuacture of a n,edican«« for ti.e prevention and .r.a«ne« of EAV 

infections. 

2. BACKGROUND OF THE INVENTION 

Ec^e arteritis is a contagious disease of horses and is spread via resp^atory or 
Reductive tract and caused by equine arteritis virus (EAV) wh.ch .s a n,e™b^r of the 
ArMae toily. ti»t incU.des lactate dehydrogenase-elevating vmas (LDV). 
porcine reproductive and respiratory syndrome virus (PBRSV). and smnan 
haemorrhagic fever viras (SHFV). 

EAV is v.e.1 investigated ^ its biological and biophysical properties tog«her witi, tt,e 
data on viral pathogenesis and cell virus int«actions m been documented m over 200 
scientific reports (enclosure .,. The genomic organiz«ion and transcriptional strategy of 
arterivirusesareshowninFig. 1. The EAV virions are 60^5 mn in diameter and 
possess a 49S RNA genome that is a single-stranded, nonsegmented, capp^«.d 
polyadenylated measage.s««e RNA (12687 nucleotides; den Boon, e. al. 1991, 

. , Y^iSOl The EAV genome is infectious and contams at 

GenBankaccessionnumber.X53459). ineEAv ge ,„ tt,. 

.east eight open reading fiames (OBF) la. lb. 2, 3. 4. 5, 6. and 7 (SEQ ID No. 10). T*e 

,„ two largest viral ORFs (ORF „ and ORF lb) encode the viral repBcase (den Boon, e. 

at ,991) and are located at ti,e S -end of tite viral genome between the nudeottde 

positions 1 and 9807. The ORFs 2 to 7 are overiapping and located at the 3 -end of 
Blv genome The^ORFsencodefour known structural viralproteinsand two protems 

of unknown function (gene products of ORFs 3 and 4). The EAV virion constats of a 
3, phosphoryUted m,cleocapsid protein (N. 14 kDa, gene product of ORF 7). aN- 
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glycosylated major membrane protein (Gu 30-44 kDa, gene product of ORF 5), a N- 
glycosylated minor membrane protein (Gs. 25 KDa, gene product of ORF 2). and an 
unglycosylated membrane protein (M, 17 kDa, gene product of ORF 6). 

The EAV infection is maintained in horse population, because chronic carrier animals 
shed EAV in their semen and transmit it venereally to mares during the mating season. 
PRRSV is also characterized by reproductive failure e.g. late-term abortions in sows and 
causing respiratory iltoess and mortality in young pigs. 

The analysis of the genetic stabiUty of EAV during horizontal and vertical transmission 
in an outbreak of equine viral arteritis revealed that the carrier stallion is the source of 
genetic diversity of EAV (Balasuriya et a/.,1999). It is known that the infected carrier 
stallion is the critical natural reservoir of EAV. The outbreak of an EAV mfection can 
be initiated by the horizontal aerosol transmission of specific viral variants that occur in 
the semen of carrier stallions. However, Patton and co-workers show that not only the 
carrier stallion is the critical natural reservoir of EAV. but also genetic diversity of the 
virus is generated in the course of persistent infection of carrier stallions (Patton et 
a/., 1999). 

Consequently, PRRSV and EAV cause economicaUy important infectious diseases in 
swine and horse farms worldwide. The development of an efficient vaccine is of 
particular importance, since it focuses attention on the prevention of the diseases. 
In the art, there was a long lasting need for an effective EAV vaccine capable of 
preventing or curing an EAV-associated disease. Therefore, the technical problem 
underlying this invention was to provide such a vaccine capable of preventing or curing 
an EAV-associated disease. 



BRIEF SUMMARY OF THE INVENTION 



It is therefore an object of the invention to provide a vaccine composition protective 
against equine arteriwus (EAV). 
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„ . also a, objec of*. — , » provide fcr for prophylaxis or — 

of EAV infection in a horse using such vaccine composmons. 

Figures 

' s!hLic diagran. of .he genon^c organisation and transcHptionai strategy of the 
family Arteriviridae. 

,„ s^Lcdia^ofthestrategyused^rn^lecuiarcioningofneutrahzingdon^ 
equine arteritis virus (EAV). 

';"LusofneutraBzatio.tes.,oh..h.edhythea„a.ys.of.hes^of^^^^^ 
.3 Balb/c nuce that were ino^Uated in two i.depende« e,cpenments (A ar^d B) wtth *e 
DNAof recombinant plasnnd pCR3.1.EAV-05.BX-C14 haAoring and e,cp«ssmg 
ORF 5 of equine arteritis virus (EAV). 

.„ '^V«su..sofn».tr^tiontestob.ai„edby.heanalysisof.hes^oftheind^^^^^ 

Balb/c mice that were inocuUted «,h the DNA of recombinant P'-™^' P^^'^-^'^^" 
05-BX-C14 and PCR3.1.BAV-07.BX-C3 harboring and expressmg ORFs 5 and 7 of 

equine arteritis virus (EAV). 

" Z Lts of neutran^on test obtained by the analysis of the s«a of the mdi^dual 
Balb/c mice that were inocula.«. with ^ DNA of recombinant plasm.ds pDP-EAV- 
05-BSS-C2 and pDP-EAV-07-BsS^l harboring and expressing ORFs 5 and 7 of 
equine arteritis virus (EAV). 
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'^ellts of neutralization test obtained by the analysis of «,e s^ 0^*=^^^^ 
Balb/c mice that were inoculated with the DNA of recombinant plasm,ds pCR3.1-EAV- 
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05-BX-C14 and pCR3.1.EAV-06.BE.C4 harboring and expressing ORFs 5 and 6 of 
equine arteritis virus (EAV). 

5 The Lhs of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmid pCR3.1-EAV- 
04-BX-C3 harboring and expressing ORF 4 of equine arteritis virus (EAV). The 
individual ammals are indicated with number 1 to 10. 

10 Fig. 8: 

TT^e results of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmid pCR3.1-EAV- 
04-BE-C3 harijoring and expressing ORF 4 of equine arteritis virus (EAV). The 
individual animals are indicated with number 1 to 10. 
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Fig. 9: 

The results of neutralization tests obtained by the analysis of the sera of the mdividual 
Balb/c mice that were inoculated with the DNA of recombinant plasmid pCRSl-EAV- 
05-del-121 harboring and expressing the N-terminal hydrophilic ectodomain of Gl 
envelope glycoprotein (ammo acid residue 1-121 of ORF 5) of equine arteritis virus 
(EAV). 

Fig. 10: 

The results of neutralization test obtained by the analysis of the sera of the individual 
Balb/c mice that were inoculated with the DNA of recombinant plasmids pCR3.1-EAV- 
02-BX-C5, pCR3.l-EAV-05-BX.C14, and pCR3.1-EAV-06-BE-C4 hart)oring and 
expressing ORFs 2 (small glycoprotein), 5 (large envelope glycoprotein), and 6 
(membrane protein), of equine arteritis virus (EAV). 

30 Fig. 11: 

The results of neutralization test obtained by the analysis of the sera of the mdmdual 
Balb/c mice that were inoculated with the DNA of recombinant plasmids pCR3. 1-EAV- 
02-BX-C5 and pCR3 .1-EAV-04-BX-C3 harboring and expressing ORFs 2 and 4 of 
equine arteritis virus (EAV). 
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M example of the results obtamed by enzyme Imked immunosoibent assay (ELISA) for 
the detection of EAV specific antibodies. 

Fig. 13: Establishing a lymphoproliferation assay for detection of ceUular immune 
response 

Fig. 14 (Fig 14-14b) Determination of the maximum ceUular '^Cr-uptake 

Fig. 15 (Fig. 15a-15e) Calculated specific lysis after the 2^ and booster 
immunization 

DETAILED DESCRIPTION OF THE INVENTION 
rtftfinitionp »f tftrms use '^ Hescription: 

Before the embodiments of the present invention it must be noted that as used herein 
and in the appended claims, the singular forms "a", "an", and "the" include plural 
reference unless the context clearly dictates otherwise. Thus, for example, reference to 
"a nucleic acid molecule" includes a plurafity of such nucleic acid molecules, reference 
to the "vector" is a reference to one or more vectors and equivalents thereof known to 
those skilled in the art, and so forth. Unless defined otherwise, all technical and 
scientific terms used herein have the same meanings as commonly understood by one of 

i ordinary skill in the art to which this invention belongs. Although any methods and 
materials similar or equivalent to those described herein can be used in the practice or 
testing of the present invention, the preferred methods, devices, and materials are now 
described. All publications mentioned herein are incorporated herein by reference for 
the purpose of describing and disclosing the ceU lines, vectors, and methodologies as 

0 reported in the pubUcations which might be used in comiection with the invention. 
Nothing herein is to be construed as an admission that the invention is not entitled to 
antedate such disclosure by virtue of prior invention. 
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The ,«m "EAV as used herein refers .o sU wuses belonging .o species equine ar«dUs 

virus within the ftmilyArteriviridae. „f 
Aft.gn,ent"aooor<Hngtotheinve«ionisanysubudtotaDNAn,o.ecu^(e*P^ 

lperreadingfta.e(OM))of..ongerI>NAn,o.ecu.e(e.g. an»UreOM BAV 
^,aing to the inven.0,. i e, any subset, characterized in that « .s ^'^^^ 
shorter nucieic acid ^o.ecuiethan disclosed which can stiU be transcnbed »«.BNA 
^ragmen." also relates to subsets of proteins, i.e. smaller protend encoded by ».d 
DNlLgments. The expression is to be understood dependmg upon the context u, 

which it is used. , . 

A toctional variant" of the DNA molecule according to the invenfon or pro,™ 
enLled Utereby is a DNA n«,le»le or protein which possesses a biolo^ca. ac«v.y 
(either &nc«onal or struoura.) that is substantiaUy sin^lar to the DNA molecule or 
protein according to the inventior. The tern, „fimc.ional variant" also inc udes .,a 
Lgmenn „a Actional variant", .variant bas«i on the degenerative nucle.c acd code 
, or Chemical derivadve". Such a >ncdonal variant" e g. may carry one or severa^ 
„„:,eic acid exchanges, deletions or insertions. Said exchanges, deletions or mse«,ons 
™ay account for 10% of ti,e entire sequence. Said «mctional variant a. least partiaUy 
retains its biological activity, e.g. fimctfon as m infectious clone or a vaccine stram. o, 

even exhibits improved biological activity. 
,0 A variantbasedonthedegene^tivenatureofthegeneticcode-isavariantresulti^ 

■ Jm tite act that a certain amino acid may be encoded by s^era. diff^ent nucleotide 
tripletts. Said variant at least partiaUy retains its biological activity, or even exhrbtt, 
improved biological activity. 

According to flte invention, "mutation" means the replacement of a nucleotide by 
„ anoti,er(e.g.CforaT)aso.called"substitution»oranyoti,ermutationsuchas 

"deletion" or "insertion". "Deletion" means the removal of one or several nucleotides or 
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amino acids. . 
A fusion molecule" may be tite DNA molecule or protein accordmg to the mvention 
fu^ to e g a reporter such as . radiolabel. a chemical molecule such as a fluorescent 
label or any otiier molecule known in tiie art 

AS used herem. a ..chemical derivative" according to the invention is a DNA mol«ule 
or protein according to the invention chemically modified or containing addttionaJ 
chemical moieties not normally being part of the molecule. Such moieties may improve 
tiie molecule's solubiUty. absorption, biological half life etc. 
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A molecule is ,.^bsta„tially ^mila^" to ano^er molecule If bo* molecules have 
substantially similar nucleotide s«,u«,ces or biological activity. Thus, provded .ha. two 
molecules possess a simila. activity, they are considered variant, as Uu. t^ .s used 
herein if *e nucleotide sequence is not identical, and mo molecules whch have a 
similar nucleotide sequence are considered vari«,« as ti«. .erm is used herem even 
flieir biological attivity is not identical. 

The terms 'Vaccine" and "vaccine composition" are used interchangeably. 
The tenn "vaccine" as used herein refers .o a pharmaceutical composition comptismg at 
least one immunologically active component .ha. induces an immunological response m 
an animal and possibly but not necessarily one or more additional componen.s .hat 
ert^ncetheimmunologiclactivityofsaidactivecomponent. Avaccinemay 
additionally comprise fi.rfl.er components typical to pharmaceutical composmons. The 
^logically active component of a vaccine may comprise complete virus parades 
in either fl.eir original fonn or as attenuated petioles in a so caUed modified hve 
5 vaccine (MLV) or particles inactivated by appropriate me*ods in a so called loOed 
vaccine (KV) In ano.her form .he immunologically active component of a vacane may 
comprise appropriate elements of said organisms (subunit vaccines) whereby a.ese 
elements are generated either by destroying U.e whole partide or ti.e growfl. cultures 
containing such partides and optionally subsequent purification steps yiddmg the 
,„ desired stiuc«are(s), or by synthetic processes including an appropriate manipulation by 
use of a suitable system based on, for example, bacteria, insects, mammalian or od»r 
spedes plus optionally subsequent isolation and purification procedures, or by mdu<*on 
of said synfltetic processes in fl,e animal needing a vaccine by direct incorporation of 
genetic material using suitiO-le pharmaceutical compositions (polynucleotide 
Z5 vacdnation). A vacdne may comprise one or simultimeously more ti.an one of 4e 
elements described above. 

The .erm "vacctoe" as unders.ood herdn is a vacdne for veterinary use compnsmg 
antigemc substances and is administered for ti,e purpose of indudng a spedfic and 
active immunity agains. a disease provoked by EAV. He EAV vacdne according ti> ti,e 
30 invention confers active immuniry .ha. may be tiansferred passively via maternal 

antibodies against ti.e immunogens it contains and some.m.es also agains. antig«ncally 
related organisms. 

Additional components to enhance the immune response are constituents commonly 
referred to as adjuvants, like e.g. aluminiumhydroxide. mineral or other oUs or ancdlaxy 
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™lecule, add«J «. Ae vaccine or generated by *c body rfter the respective induction 
by such additional components, like but not restricted to interferons, interleutans or 

groAVth factors. 

A "vaccine composition" essentiaUy consists of one or more ingredients capable of 
modifying physiological e.g. immunological fimctions of the organism it is 
administered to, or of organisms living in or on the organism. The term includes, but ,s 
not restricted to antibiotics or antiparasitics, as well as other constituents commonly 
used to achieve certain other objectives like, but not limited to, processing traits, 
steriUty stabUity, feasibUity to administer the composition via enteral or parenteral 
routes such as oral, intranasal, intravenous, intramuscular, subcutaneous, intradermal or 
other suitable route, tolerance after administration. controUed release properties. 

p,'c;^1ociirA nf the invention 

The solution to the above technical problem is achieved by the description and the 
embodiments characterized in the clwms. 

The long lasting need in the art for a vaccine capable of preventing or curing an EAV- 
associated disease has been overcome by the present inventors who provided a such a 
nucleic acid-based prophylactic or therapeutic vaccine for EAV-associated diseases. 
Said vaccine is described in more details infra. 

Surprisingly, the nucleic acid-based vaccine according to the invention for the first time 
in the art is capable of not only generating a humoral (antibody-based) response 
(demonstrated in an exemplary manner in e.g. example 1), but also a cellular immune 
response in horses. Only this ceUular immune response, as exemplified in examples 2 to 
5 is protective against horizontal and vertical EAV transmission in horses. More 
surprisingly, quite contrary to what was expected by the artisan (Barry and Johnston, 
1997) the vaccine according to the invention is protective against infection not only m 
young horses, but also in horses of all ages (as exemplified by data, see table 8 and 10). 
Thus the vaccines according to the invention as described infra are capable of inducing 
a cellular immune response in horses and are protective against horizontal and vertical 
) EAV transmission in horses of diflferent ages. 

In a first important embodiment, the invention relates to a vaccine composition which is 
protective against equine arterivirus (EAV) infections in horses and induces a cellular 
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i^nua. response, comprising a open reading frame nucWc acid (ORF) 2. ORF 5 and/or 
ORF7ofEAV. 

The invention also relates to vaccine compositions wherein said ORF 2. ORFS, and/or 
0RF7 are fragments, functional variants or carry mutations as defined supra. 
To prepare such nucleic acids, the artisan may follow the examples of the present 
invention and apply also standard molecular biology methods which can be found e.g. 
in Sambrook et al.(1989) Molecular Cloning: ALaboratory Manual. 2^ ed.. Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New York and Bertram. S. and 
Gassen. H.G. Gentechnische Methoden, G. Fischer Veriag, Stuttgart. New York, 1991). 

The invention further relates to a vaccine composition according to the invention, 
wherein said vaccine composition comprises a nucleic acid ORF 2, ORF 5 and 0RF7 of 
EAV. Surprisingly, contrary to the opinion in the art, a vaccine comprising nucleic acid 
said three ORFs is particularly effective and much better than a vaccine wherein the 
5 entire cDNA for EAV is used. ORF 2 relates also to ORF 2a which is comprised by the 
present invention. ORF 2 encodes a small glycoprotein. ORF 5 encodes a large 
envelope glycoprotein. ORF 7 encodes the nucleocapsid protein. The invention also 
relates to vaccine compositions comprising mutated or truncated ORFs. such as ORF 5 
in a deleted form (SEQ ID No. 9). 

10 

The invention fiirther relates to a vaccine composition according to the invention as 
disclosed supra, wherein said vaccine composition further comprises one or several 
ORFs selected from the group of ORF la, ORF lb, ORF 3. ORF 4, ORF 6. ORF la and 
ORF lb encode the viral repUcase. Any combination of said ORFs or all of said ORFs 
25 may be part of said vaccine. ORF 3 and ORF 4 encode proteins of yet unknown 

fimction ORF 6 encodes an unglycosylated membrane protein. Preferably, said ORF or 
ORFs are as disclosed in SEQ ID No. 1 or SEQ ID No. 8, SEQ ID No. 3. SEQ ID No. 4. 
SEQ ID No. 6. 

30 The invention also relates to vaccine compositions comprising mutated or truncated 
ORFs, such as the partial ORFl sequence in SEQ ID No. 8. 

The invention further relates to a vaccine composition according to the invention as 
disclosed supra, wherein said nucleic acid is cDNA. 
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The invention fixrther relates to a vaccine composition according to the invenfon as 
disclosed supra, wherein said vaccine composition comprises one or several nucleic 
acid vectors each comprising said OFF or ORFs. One embodiment of the mvention 
relates to such a vector comprising more than one ORF. 

The invention further relates to a vaccine composition according to the invention as 
disclosed 5«pra, wherein said vector(s) is/are expression vector(s). 

TTte invention further relates to a vaccine composition according to the invention as 
disclosed supra, wherein said expression vector(s) comprise(s) a eukaryotic cis-actmg 
transcription/translation sequence fimctionally linked to said ORF(s). 

The invention further relates to a vaccine composition according to the invention as 
disclosed supra, wherein said expression vector is selected from the group of pCR3. 1, 
PCDNA3. 1/His A, pcDNA3.1/His B, pcDNA3.1/His C. and pDisplay (pD) Such vectors 
are commercially available (Invitrogen). 

The invention further relates to a vaccine composition according to the invention as 
disclosed supra, fiirther comprising the nucleic acid encoding interleukin 2 (IL-2) or a 
vector or expression vector comprising said nucleic acid encoding IL-2. 

The invention further relates to a vaccine composition according to the invention as 
disclosed supra, further comprising pharmaceutically acceptable carrier or excipient. 

The invention further relates to a vaccine composition according to the invention as 
disclosed supra, further comprising one or several adjuvants selected from the group of 
Muramyl Dipeptide (MDP), Montanide 720, Poly Inosine:Cytosine (Poly I:C) or 
plasmid DNA comprising unmethylated cytosine, guanine dinucleotide sequence motifs 

(CpG). 

The invention relates to a vaccine according to the invention as described supra wherein 
the adjuvants is any one of the compounds described in Chapter 7 (pp 141-227) of 
"Vaccine Design, The Subunit and Adjuvant Approach" (eds. Powell, M. F. and 
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N«M. J.)Phannac».ticalBio,cchnoIogy. Volume 6, Plenum Press (New Vo*). 
Examples from this compendium include Mur^nyl Dipeptide (MDP) and MonUmde 
720 as disclosed supra. Molecules such as Poly I«osine:Cytosine (Poly I:C) or 
i„™u„os.unula.ory nucleic acid moleoJcs" such as plasmid DNA con«ir»g CpG 
lotifs can also be administered as adjuvants in combination with antigens encapsulated 
in microparticles An -immunostimulatory nucleic arid molecule" rrfers to a nudoc 
acid molecule, which contains an unmethylated cytosine. ^anine di«ucleo«de sequence 
0 e -CpG DNA" or DNA containing a cytosine foUowed by guanosine and Imked by a 
phosphate bond) and stimulates (e.g. has a mitogenic effect on, or induces or increa«s 
oytoldn. expression by) a vertebrate lymphocyte. An inununostimulatory nuclcc ac.d 
molecule canbe double-stranded or single-stranded. Generally, double-stranded 
molecules are more su*le In vivo. whUe single-stranded molecules have increased 
immune activity. The instant invention is based on the finding that certa.n 
■in^unostimulatory m.cleic acid molecules" containing unme.hyla.ed cytosine-guamne 
(CpG) dinudeotides activate lymphocytes in a subject and redirect a subject's immune 
response ftom a Th2 «> a Thl (e.g. by inducing monocytic cells and other ceUs to 
produce Thl cytokines, including IL-12, IFN-.gamma. and GM-CSF). 

The invention further relates to a vaccine composition according to the invention as 
, disclosed supra, consisting of expression vectors comprising 0RF2, OM5 and 0RF7 of 
EAV respectively, and optionaUy carrier, excipients or adjuvants and an express-on 
vector comprising the nucleic acid «,coding IL-2. Said nucleic acid is preferably equme 
IL-2. Preferably also, said the coding nucleic acid equine IL-2 is co-expressed on a 
vector as disclosed supra encoding one or several EAV ORFs. 

The invention fitrther relates to a vaccine compodtion according to the invention as 
disclosed supra, wherein ORF 2 is SEQ ID No. 2, ORF 5 is SEQ ID No. 5 or SEQ ID 
No. 9 and ORF 7 is SEQ ID No. 7. 

,0 Suitable for targeted delivery of the vaccine compo«tion according to Uie invention are 
colloidal dispersion systems or liposomes. One example of atargeted delivery system 
for the EAV ORF nucleic acid molecules according to the im-ention is said coUoidal 
dispersion system CoUoidal dispersion systems include macromolecule complexes, 
nanocapsules, microspheres, beads, and Bpid-based systems including oil-in-water 
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emulsions, miceUes, mixed miceUes, and liposomes or liposome formulations. The 
preferred coUoidal system of this invention is a Uposome. Liposomes are arfficial 
membrane vesicles which are useful as deUveiy verhicles in vitro and in vivo. These 
formulations may have net cationic. anionic or neutral charge characteristics are useful 
characteristics with in vitro, in vivo and ex vivo delivery methods. It has been shown 
that large unilameUar vesicles (LUV), which range in size fi-om 0.2^.0 jxm can 
encapsulate a substantial percentage of an aqueous buffer containing large 
macromolecules. RNA, DNA and intact virions can be encapsulated within the aqueous 
interior and be deUvered to ceUs in a biologically active form (Fraley R and 
Papahadjopoulos D (1981). New generation liposomes - The engineering of an efficient 
vehicle for intraceUular deUvery of nucleic acids. Trends Biochem Sci 6, 77-80). In 
addition to mammalian ceUs, Uposomes have been used for deUvery of polynucleotides 
in plant, yeast and bacterial ceUs. In order for a Uposome to be an efficient gene transfer 
vehicle of the EAV ORFs according to the invention, the foUowing characteristics 
should be present : (1) encapsulation of the genes of interest at high efficiency while not 
compromising their biological activity; (2) preferential and substantial binding to a 
target cell in comparison to non-target cells; (3) delivery of the aqueous contents of the 
vesicle to the target ceU cytoplasm at high efficiency; and (4) accurate and effective 
expression of genetic information (Mannino RJ, and Gould-Fogerite S (1988). 
Liposome mediated gene transfer. BioTechniques 6, 682-690.). 

The composition of the Uposome is usually a combination of phospholipids, particularly 
high-phase-transition-temperature phosphoUpids, usually in combination with steroids, 
especially cholesterol. Other phosphoUpids or other lipids may also be used. The 
physical characteristics of Uposomes depend on pH, ionic strength, and the presence of 
divalent cations. 

The vaccine composition of the present invention may contain said recombinant vector 
as a naked "gene expression vector". This means that the construct is not associated 
with a delivery vehicle (e.g. liposomes, coUoidal particles and the Uke). One of the 
, principal advantages of naked DNA vectors is the lack of a immune response stimulated 
by the vector itself. 
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The invention further relates to a vaccine composition according to the invention as 
disclosed supra, wherein the nucleic acid or nucleic acid vector or expression vector is 
encapsulated into liposomes. 

Several types of Uposomal preparations may be used for encapsulation, including large 
multUameUar vesicles, small umlamellar vesicles, neutral, anionic Bposomes or simple 
cationic amphiphiles. Most preferred are cationic liposomes. 
These synthetic gene deUvery systems are described by many terms: 
The cationic lipid-mediated transfection has been also called liposome-mediated- 
transfection, cationic Uposome-mediated transfection, lipofection, cytofection, 
amphifection, and Upid-mediated transfection. Similarly, the complexes that are 
produced when cationic Upids are mixed with DNA have been referred to as cytosomes, 
amphisomes, Uposomes, nucleoUpidic particles, cationic Upid-DNA complexes, lipid- 
DNA complexes, DNA-lipid complexes etc. Recently, a common nomenclature was 
proposed: Upoplex - replaces all of the terms for cationic Upid-nucleic acid complexes 
(including DNA, RNA, or synthetic oligonucleotides) and lipofection means the nucleic 
acid deUvery mediated by Upoplexes. Any of said gene delivery system may be used 
according to the invention. 

The positive charge on cationic Upid molecules feciUtates their association with 
negatively charged nucleic acid as weU as witii membrane phosphoUpids (negatively 
charged) what is the basis for the non-specific interaction of the complex. 
The specific binding to the cell is mediated by use of specific ligands for cellular 
receptors. Cationic Liposomes may deliver DNA either directly across the plasma 
membrane or via endosome compartment. Regardless of its exact entry point, much of 
the DNA does accumulate in the endosomes and is lost by the internal hydrolytic 
digestion within the endosomes. To protect the plasmid DNA several strategies may be 
used according to the invention. This includes the use of acidotropic, weak amines such 
as chloroquine, which presumably prevent DNA degradation by inhibiting endosomol 
acidification. But also viral fiision peptides or whole vimses may be included to disrupt 
endosomes or promote fiision of Uposomes with endosomes and facilitate release of 
DNA into the cytoplasm. Such protection of the plasmid DNA is also a preferred 
embodiment of the invention. 

The DNA concentration, the ratio of lipid reagent to DNA, tfie transfection time and tiie 
effect of serum are the most critical factors in each transfection. 
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Liposon-es mu^ be ..bU. In ca« of leakage *ey would lose antigen and adjuvant 

premature. 

preferred is a vaccine composition according to .he invention as disclosed supra 

0 05 ng - 10 ^g. preferred O.^g - mg. most preferred 0.5 ,g. Further 
compnsmg 0.05 w l-g. P 

preferred dose ranges are; low range 0.1 1.0 M,-" P , ,h is„. The 

' 1..0 ^g. most preferred 15 ^g. high range img-20,g, most prefe-red IS^g. The 
^Iws thecriteriafor ti^ideal dose which depends on ti,e chosen route of 
2nistratio.i.e.witi,genegu.ti,evacc^is.iec.edd.ect,,h,toU^^^^^ 
U.US very Me of antigen gets los. whereas i n. injection re<,u.es much h.gher doses. 

Most preferred is a vaccine composition according to the invention as " 
compLg0.5,gofindividua.nucleioacid vector or pr^e^e^press^nv^or^ 

preferably for 10 shots per animal, i.e. 5.g of individual nuclcc ac.d vector (or 
, preferred expression vector) per vaccination, e g if seven nucleic acd vectors (or 
pLrrede-^ression vectors) are used. 35 ,g p. vaccination and anunal (see e»mp.e 

2)- 

^ preferred is a vaccine composition according to the invention as disdo^ 
„ Iprisi„g:.owrangel0.100,g.n,ostpreferred50,g.middlerange.0..500.g. 

L prefLed 200 .g. high range 501 ,g.2000 .g. most preferred 1000 .g. Aga.n. ti,e 
^san knows ti« criteria for ti.e ideal dose which depends on ti,e chosen route of 
administration. i.e.withge.egunthevaccineisinjec.eddirectiyintoL.ng^^^^^^^ 

^ very littie of antigen gets lost, whereas i.m. injection re<,u,res much tagher doses. 

" Also most preferred is a vaccine composition accordingto the invention as disclos^ 
s^a comprising 50 pg of individual nuCeic acid vector or prefetred »P-~' 
i preferably for 4 injections per animal, i.e. 200 ^g of indivdua^ nucl«c ac ««o 

r.^r vaccination, e g. if seven nucleic acid vectors (or 
(or preferred expression vector) per vaccination, e.g. 

. • „.^nr^^ are used 14 mg per vaccination and animal (see example 

30 preferred expression vectors) are useo, i,h ^ 



2). 



in yet another important embodiment the invention relates toanucleica^^^^ 
colprising nucleic acid selected from the group of ORF 1 a, OKF lb, ORF 2. OKF 3, 



5 



10 
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ORF 4 ORF 5 ORF 6 and/o, 0RF7 of BAV. Prefcab.,. said ORF or ORFs are as 
4, SEQ ID No. 5, SEQ ID No. 6 and/or SBQ ID No. 7. 

A prrferred aspec of .he invention is a nudeic add vector according to the invention as 
disdosed supra, wherein said nucleic add is DNA. 

A more preferred aspect of the invention is a nudeic acid vector according to the 
invention as disdosed supra, wherdn said nudeic acid vector is an expression vector. 

Another more preferred aspect of the invention is a nudeic acid vector according to the 
invention as disdosed supra, wherdn said expression vector comprises a eukaryotic cs- 
acting transcription/translation sequence fi«»tionally Unked to said ORF(s). 
To accompHsh repression, a wide variety of vectors have been developed and are 
commerdally available wWd. allow indudble (e g.. LacSwitch expression vectors. 
Stratagene. La lolla, CA) or cognate (e g.. pcDNA3 vectors. Invitroge^ Chatsworth. 
CA) expression of BAV ORF nucleotide se<p.ences under the regulation of an arffical 
promoter element. Such promoter elemems are often derived ftom CMV of SV40 viral 
genes, although other strong promoter elements which are active in eukaryotic ceUs ^ 
, also be employed to induce transcription of EAV ORP nucleotide sequences. Typically. 
fl,ese vectors also contain an artifidal polyadenylation sequence and 3' UTR wMd, can 
also be derived from exogenous viral gene sequences or from other eukaryotic genes. 
Furti-ermore. in some oonstmcts. artificial, non-coding, spliceable introns and exons are 
taduded in the vector to enhance expression of the nucleotide sequence of interest (m 
,5 this case EAV ORF sequences). These expression systems are commonly avarlable 
from commerdal sources and are typified by vectors such as pCDNA3 and pZeoSV 
(invitrogen. San Diego. CA). Innumerable commerdally-avaUable as weU as custom- 
designed expression vectors are avaUable from commerdal sources to allow express-on 
of any desired EAV ORF transcript in more or less any desired ceU type, eitiier 
30 constiti,tively or after exposure to a certain exogenous, stimulus (e g., wititdrawal of 
tetracycline or exposure to IPTG). 
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A most preferred aspect of the invention is a nucleic acid according to the invention as 
disclosed supra, wherein said expression vector is selected from the group of pCR3.1, 
pcDNA3.1/His A, pcDNA3.1/His B, pcDNA3.1/His C, and pDisplay (pD). 

Another most preferred aspect of the invention is a nucleic acid according to the 
invention as disclosed supra, wrherein said nucleic acid vector comprises a nucleic acid 
selected from the group of SEQ ID No. 2. SEQ ID No. 5, SEQ ID No. 9 and/or SEQ ID 
No. 7. 

Gene gun is a balUstic system that can propel DNA-coated microparticles directly into 
the skin. Plasmid DNA is affixed to gold particles of about 0,45 ^m. The total amount 
of DNA per sheet is a function of the DNA/gold ratio, i.e. 5 ^g DNA/mg gold. If about 
0,4 mg of gold particles are shoot into the epidermis/dermis driven by helium (helium 
discharge pressure of 400-450 psi), about 2 jxg of DNA is inoculated into the skin. 
Therefore, the fundamental difference of gene gun vs. i.m. injection is the amount of 
DNA required to produce an equivalent level of gene expression. This apparent 
difference could most likely related to the fact that i.m. or i.d. injections by needle 
places the DNA also into extracellular spaces, exposure of DNA to nucleases in the 
intestitial fluid or that the hydrostatic pressure that results from the injection of several 
Hl of saline into a muscle rapidly drives out the DNA of protein producing cells so that 
only a little amount of injected DNA will be expressed in protein. 
Interestingly, the gun is in general limited by the little amount of plasmid that can be 
delivered in one inoculation. This limit is about 2,5 ng of plasmid per shot. Exceeding 
this amount causes the particles to clump together; creating 'macroparticles' which cause 
mcreased damage to the target tissue. By contrast, milligrams of plasmid DNA can be 
delivered by i.m. injections using needles and the success of i.m. injection can be easily 
monitored by swelling of the injected muscle bundle. Qualitative diff^ences in 
immunisation by the gene gun and i.m. injection can be drcumvented by increasing the 
amount of DNA A DNA inoculation by gene gun needs ahnost hairless skin. So the 
most animals to be vaccinated have to get shaved. 



Such problems should be overcome by new generations of gene guns which also may be 
used according to the invention. A new device, the PowderJect ® system driven by 
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helium gas, is the first one which is able to deliver both metaUic and non-metallic 
particles into tissues. Most preferred is the use of the PowderJect ® system. 

Thus, another important embodiment of the invention is a method for prophylaxis or 
5 treatment of EAV infection in a horse, comprising 

(i) coating one or several DNA molecule(s) according to the invention as disclosed 
supra, or one or several nucleic acid vector(s) according to the invention as disclosed 
supra, onto carrier particles; 

(ii) accelerating the coated carrier particles into epidermal ceUs of the horse in vivo; and 
10 (iii) inducing a protective or therapeutic immune response in said horse upon or after 

exposure to EAV; and 

(iv) monitoring the reduction of EAV-assodated symptoms or the reduction of 
horizontal or vertical transmission. 

15 Preferably, in said method as disclosed supra, the carrier particles are gold. 

Any of the above-disclosed devices such as gene gun or the PowderJect ® system may 
be used. The injection may be carried out as disclosed supra. Most preferably, said 
method may be carried out repeatedly. An appropriate vaccination scheme may be 
20 preferably on day 0 (basic vaccination), 2 weeks thereafter, 4 weeks after the basic 
vaccination and 7 weeks after the basic vaccination. This is exemplified in example 2. 



Also preferred vaccination schemes are: 
1) only one base immunization without booster;or 
25 2) base immunization, 1^ boost after 8-12 weeks; or 

3) base immunization, 1^ boost after 8-12 weeks, 2^ boost after 12 months. 

Said vaccine. DNA molecule(s) according to the invention as disclosed supra, or one or 
several nucleic acid vector(s) according to the invention as disclosed supra may be 
administered by any known route of administration: preferably orally, nasally, Ungually, 
intravenously (i.v.), intradermally (i.d.), intraepidermaUy (by rubbing into the skin), 
intranasally, vaginally, subcutaneously (s.c), intramuscular (i.m.). 



30 
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According to Ae mv««ion. various vehicles for «l,„inisUation of *e vaccine. DN A 
n,olecu.e(s) according .o *e invention as disclosed ^ or one or several nucle,c ac,d 
vectoKs) according to the invention as disclosed supra may be used: only plasmid 
•naked' DNA inocuUtion by needle - liposonKS - gold beads - biodegradable 
5 Kuioparticles- virus like particles (VLP)- aerosol. 

Preferred modes of administration for the vaccine. DNA molecule(s) according to the 
invention as disclosed supra, or one or several nucleic add vector<s) according to the 
invention as disclosed supra are: injection by needle, gene gu^ encapsulated m 
10 liposomes or rubbing into the skin. 

Preferred doses are 0.5 of individual nucleic acid vector or preferred expression 
vector and 10 shots per animal, i.e. 5 ^g of individual nucleic acid vector (or preferred 
expression vector) per vaccination, e.g. if seven nucleic acid vectors (or preferred 
15 expression vectors) are used, 35 ng per vaccination and animal (see example 2). 

Preferred are 1 to 10, more preferably 5 or 7 or 10 shots per animal, most preferred are 
10 shots per animal. 



20 



One preferred method of vaccination is the direct injection of plasmid DNA into 
skeletal muscle. Long-lasting immune responses are obtained in many cases without 



boost. 

For the i.m. route. DNA preferably is injected by needle, whereas for the i.e. route, a 
25 gene gun preferably is used (see «(pra). 

Yet another important embodiment of the invention is a method for prophylaxis or 
treatment of EAV infection in a horse, comprising 

(i) injecting a vaccine composition according to the invention as disclosed ^pra, or one 
30 or several DNA molecule(s) according to the invention as disclosed supra, or one or 
several nucleic acid vector(s) according to the invention as disclosed supra into 
muscular ceUs of the horse in vivo; and 

(u) inducing a protective or therapeutic immune response in said horse upon or after 
exposure to EAV, and 
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10 



15 



(iii) monitoring the reduction of EAV-associated symptoms or the reduction of 
horizontal or vertical transmission. 

Mos. preferably, me*od may be carded ou. repeatedly. An approprtate vaccination 
^eme may be preferably on day 0 (ba.ic vaccinadon). 2 weeks tiiereafter. 4 weeta 
after the basic vaccination and 7 weeks after the basic vaccination. This is exemphfied 
in example 2. Preferred doses are 50 Mg of individual nucleic acid vector or prrferred 
expresrion vector and 4 inoculations per animal, i.e. 200 of individual mcleic ac,d 
vector (or preferred expression vector) per vaccination, e.g. if seven nucleic acid vectors 
(or preferred expression vectors) are used. 1,4 mg per vaccination and ammal (see 
example 2). 

Also preferred is a vaccine composition according to the invention as disclosed supra 
comprising: lov. range 10-100 jxg, most preferred 50 ^g, middle range 101-500 ^g. 
„.ost preferred 200 ^g, high range 501^g-2000^g, most preferred lOOOHg. Again, the 
artisan knows the criteria for the ideal dose which depends on the chosen route of 
administration, i.e. with gene gun the vaccine is injected directly into Langerhans ceUs, 
thus very Uttle of antigen gets lost, whereas i.m. injection requires much higher doses. 



20 Again, preferred vaccination schemes are: 

1) only one base mimunization without booster;or 

2) base immunization, l"* boost after 8-12 weeks; or 

3) base immunization, 1^ boost after 8-12 weeks, 2^ boost after 12 months. 



25 
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Said vaccine, DNA molecule(s) according to the invention as disclosed supra, or one or 
several nucleic acid vector(s) according to the invention as disclosed supra may be 
administered by any known route of administration: preferably orally, intravenously 
(i.v.), intradermally, intraepidermally (by rubbing into the skin), intranasally, vagmaUy, 
subcutaneously (s.c), intramuscular (i.m.). 

Preferred modes of administration for the vaccine, DNA molecule(s) according to the 
invention as disclosed supra, or one or several nucleic acid vector(s) according to the 
invention as disclosed supra are: injection by needle, gene gun, encapsulated in 
liposomes or rubbing into the sldn. 
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Preferred are 1 to 10. more preferably 3 or 4 or 5 inoculations per animal, most 
preferred are 4 inoculations per animal. 

The invention further relates to the use of one or several DNA molecule(s) according to 
the invention as disclosed supra or one or several nucldc acid vector(s) according to the 
invention as disclosed supra in the manufacture of a vaccine for the prophylaxis and 
treatment of EAV infections. Preferred is the use of DNA molecule(s) or nucleic add 
vector(s) according to the invention as disclosed supra in the manufecture of a vaccine 
suitable for intraepidermal, intradermal or intramuscular administration for the 
prophylaxis and treatment of EAV infections. 

More preferred is the use of DNA molecule(s) or nucleic acid vector(s) according to the 
invention as disclosed supra in the manufacture of a vaccine suitable for intraepidermal 
or intradermal administration for the prophylaxis and treatment of EAV infections, 
wherein the vaccine is to be administered on day 0 (basic vaccination), 2 weeks 
thereafter, 4 weeks after the basic vaccination and 7 weeks after the basic vaccination. 
This is exemplified in example 2. 

More preferred is the use of DNA molecule(s) or nucleic acid vector(s) or expression 
vector according to the invention as disclosed supra in the manufecture of a vaccine 
suitable for intraepidermal or intradermal administration for the prophylaxis and 
treatment of EAV infections, wherein the vaccine comprises 0.5 ^g of individual 
nucldc add vector or preferred expression vector and preferably for 10 shots per 
animal, i.e. Sjig of individual nudeic add vector (or preferred expression vector) per 
vaccination, e.g. if seven nuddc add vectors (or preferred expression vectors) are used, 
35 Jig per vacdnation and animal (see example 2). 

Preferred is the use of DNA molecuIe(s) or nuddc add vector(s) or expression vector 
according to the invention comprising 0.05 jig - 10 ^g, preferred O.lMg - 1 ng, most 
preferred 0.5 (ig. Further preferred dose ranges are: low range 0.1-1.0 \yg, most 
preferred 0.5 jig, middle range 1.1-10 jig, most preferred 15 jig, high range llng-20ng, 
most preferred ISjig. The artisan knows the criteria for the ideal dose which depends on 
the chosen route of administration, i.e. with gene gun the vaccine is injected direcUy 
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into Langerhans ceUs. thus very little of antigen gets lost, whereas i.m. injection 
requires much higher doses. 

Again, preferred vaccination schemes are: 

1) only one base immunization without booster;or 

2) base immunization, 1^ boost after 8-12 weeks; or 

3) base immunization, 1^ boost after 8-12 weeks. 2"^ boost after 12 months. 



Said vaccine. DNA molecule(s) according to the invention as disclosed supra, or one 
10 several nucleic acid vector(s) according to the invention as disclosed supra may be 
administered by any known route of admmistration: preferably orally, intravenously 
(i.v.). intradermally. intraepidermally (by rubbing into the skin), intranasally, vagmally, 
subcutaneously (s.c), intramuscular (i.m.). 



or 



15 



20 



Preferred modes of admhiistration for the vaccine. DNA molecule(s) according to the 
invention as disclosed supra, or one or several nucleic acid vector(s) according to the 
invention as disclosed supra are: injection by needle, gene gun. encapsulated in 
liposomes or rubbing into the skin. 

Preferred are 1 to 10. more preferably 3 or 4 or 5 administrations per ammal. most 
preferred are 4 administrations per animal. 



More preferred is the use of DNA molecule(s) or nucleic acid vector(s) according to the 
invention as disclosed supra in the manufacture of a vaccine suitable for intraepidermal 
25 or intradermal administration for the prophylaxis and treatment of EAV infections, 
wherein the vaccine is to be administered on day 0 (basic vaccination), 2 weeks 
thereafter, 4 weeks after the basic vaccination and 7 weeks after the basic vaccination. 
This is exemplified in example 2. 



30 



vector 
Hg, most 



Preferred is the use of DNA molecule(s) or nucleic acid vector(s) or expression 
according to the invention comprising 0.05 ^g - 10 ^g, preferred 0.1^g - 1 jig, 
preferred 0.5 ng. Further preferred dose ranges are: low range 0.1-1.0 Hg, most 
preferred 0.5 jxg, middle range 1.1-10 jig, most preferred 15 Hg, high range img-20^g. 
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most preferred 15jig. The artisan knows the criteria for the ideal dose which depends 
the chosen route of administration. 



Again, preferred vaccination schemes are: 

1) only one base immunization without booster;or 

2) base immunization, l"* boost after 8-12 weeks; or 

3) base immunization, 1^ boost after 8-12 weeks. 2"" boost after 12 months. 

Said vaccine, DNA molecule(s) according to the invention as disclosed supra, or one or 
several nucleic acid vector(s) according to the invention as disclosed supra may be 
administered by any known route of administration: preferably orally, intravenously 
(i.v.), intradermaUy, intraepidermaUy (by rubbing into the skin), intranasally, vaginally, 
subcutaneously (s.c), intramuscular (i.m.). 

Preferred modes of administration for the vaccine, DNA molecule(s) according to the 
invention as disclosed supra, or one or several nucleic acid vector(s) according to the 
invention as disclosed supra are: injection by needle, gene gun, encapsulated in 
liposomes or rubbing into the skin. 

Preferred are 1 to 10, more preferably 3 or 4 or 5 administrations per animal, most 
preferred are 4 administrations per animal. 

Also more preferred is the use of DNA molecule(s) or nucleic acid vector(s) or 
expression vector according to the invention as disclosed supra in the manufacture of a 
vaccine suitable for intramuscular administration for the prophylaxis and treatment of 
EAV infections, wherein the vaccine comprises 50 pg of individual nucleic acid vector 
or preferred expression vector and preferably for 4 shots per animal, i.e. 200 ^g of 
individual nucleic acid vector (or preferred expression vector) per vaccination, e.g. if 
seven nucleic acid vectors (or preferred expression vectors) are used, 1,4 mg per 
vaccination and animal (see example 2). 

Also preferred is use of DNA molecule(s) or nucleic acid vector(s) or expression vector 
according to the invention as disclosed supra comprising: low range 10-100 most 
preferred 50 pg, middle range 101-500 pg, most preferred 200 pg, high range 501 pg- 
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2000jig. most preferred lOOOtig. Again, the artisan knows the criteria for the ideal dose 
which depends on the chosen route of administration, i.e. with gene gun the vaccine is 
injected directly into Langerhans ceUs, thus very little of antigen gets lost, whereas i.m. 
injection requires much higher doses. 

Again, preferred vaccination schemes are: 

1) only one base immunization without booster;or 

2) base immunization, l"* boost after 8-12 weeks; or 

3) base immunization, 1^ boost after 8-12 weeks, 2°" boost after 12 months. 

Said vaccine, DNA molecule(s) accordmg to the invention as disclosed supra, or one or 
several nucleic acid vector(s) according to the invention as disclosed supra may be 
administered by any known route of administration: preferably orally, intravenously 
(i.v.). intradermaUy, intraepidermally (by rubbing into the skin), intranasally, vaginally, 
subcutaneously (s.c), intramuscular (i.m.). 

Preferred modes of administration for the vaccine, DNA molecule(s) according to the 
invention as disclosed supra, or one or several nucleic acid vector(s) according to the 
invention as disclosed supra are: mjection by needle, gene gun, encapsulated in 
liposomes or rubbing into the skin. 

Preferred are 1 to 10, more preferably 3 or 4 or 5 administrations per animal, most 
preferred are 4 administrations per animal. 

The invention also relates to the a kit of parts comprising a vaccine composition 
according to the invention as disclosed supra or one or several EAV ORF DNA 
molecule(s) according to the invention as disclosed supra or one or several nucleic acid 
vector(s) according to the invention as disclosed supra. Said kit is ready-to-use for 
vaccination of horses. Said kit may fiirther contain, but is not limited to test tubes, other 
suitable containers, washing reagents and reaction buffers (which may vary in pH and 
magnesium concentrations), sterile water, liposomal preparations, transfection reagent 
such as DOTAP Liposomal (Roche) or Lipofectin, BME (Eagle's basal medium), 
ethanol, gold, spermidine, CaCla, carrier proteins and further compounds known to the 
skilled artisan. 
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The following examples serve » &rther Ulusttate the present inv»,tion; but the same 
should no. be construed as Umiting the scope of the invention disclosed herem. 

Example 1 Neutralization tests 
MATERIALS AND METHODS 

V.r..gP.s and cells „ r u 

The equine arteritis vims (EAV) used in this study was kindly provided by Professor H. 
Ludwig, Berlin and propagated on rabbit kidney cells (RK13, ATCC number CCL-37). 
The ceU cultures were obtained from the American Type Culture CoUection and 
propagated in Basal Medium Eagle (BME) supplemented with 10% fetal calf serum, 
100 mi peniciUin G, 100 IE /ml streptomycin. Medium and serum were purchased from 
GibcoBRL (Eggenstein, Germany). 

Prnduction nf FAV-soecific antisera 

Antiserum against EAV was induced in New Zealand white rabbit. The animal 
was inoculated subcutaneously with 0.5 ml purified EAV. Inoculation was repeated for 
four times. The experimental protocol is summarized in Table 1. The sensitivity of 
rabbit antisera was determined by western blot analysis. It was found that the rabbit 
antiserum raised against EAV is able to recognize viral specific protein at the dilution of 
about 1.2000 and higher. 

Pr^poratinn nf viral RNA 

Virion RNA and total inferted ceU RNA was prepared from EAV-infected RK13 cell 
cultures at 12 24. 36, and 48 h p.i. using a guanidinium iso-thiocyanate/cesiumchlonde 
procedure based on the method described by GUSin al (1974). Infected ceUs or 
virions from clarified infected ceU culture supematants were dissolved in a 4.0 M 
guanidinium thiocyanate (GTC) solution. CeUular DNA in the infected ceU preparation 
, was sheared by repeatedly passing the solution through a 23-gauge needle. CsCl and 
sarcosyl (30% aqueous solution) were added to the GTC preparation to final 
concentrations of 0.15 g/ml and 3.0%, respectively. In volumes of 8 ml the preparation 
was transferred onto a 3 ml 5.7 M CsCl cushion and centrifiiged at 29,000 rpm m a 
Beckman SW41 rotor for 24 h at 20X. The supernatant was discarded and the RNA 
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peUet was dissolved in RNase free H.O to a final concentration of about 10 jxg/ml. RNA 
preparations were stored at -20X in 80% ethanol containing 100 mM sodium acetate. 
As an alternative total RNA of EAV-infected cells was prepared using the RNeasy Mini 
Kit (Qiagen, HUden, Germany) according to the instructions of the manufecturer. 

First-stran( ^ mNA Svnthesis 

For each first-strand cDNA synthesis reaction approximately 0.5 ^g of purified RNA 
were peUeted and dissolved in 10 jxl RNase free H.0 containing 20 U RNase inhibitor 
(Takara Shuzo Co., Ltd., Shiga, Japan). The reaction was prepared in 20 ^1 volumes 
using enzymes and reagents from the RNA LA PCR Kit Ver. 1.1 (Takara Shuzo Co., 
Ltd., Shiga, Japan) according to the instructions of the manufacturer. The reaction 
included 5 mM MgCb. 1 mM of each dNTP, 10 pmol of a specific reverse 
oligonucleotide primer, and 5 U AMV reverse transcriptase XL. The reaction was 
incubated in an automated temperature cycling reactor (Genius, Techne, Cambridge, 
UK) for 2 min at 60°C followed by 15 min at 50X. Then the temperature was gradually 
lowered to 42°C at a speed of PC/min. As a final step the reaction was incubated for 2 
min at 80°C and rapidly cooled to 4X. RNase free H^O was added to the reaction 
products to obtain a final volume of 100 ^1. The first-strand cDNA stocks were stored at 
-20°C. 

nupntinrlftntides and pnlvmerase chain reaction (PCR) 

Specific oligonucleotides were synthesized with an OUgo lOOOM DNA Synthesizer 
(Beckman Instruments GmbH, MOnchen, Germany). The properties of the individual 
oligonucleotides primers are summarized in Table 2. Polymerase chain reaction (PCR) 
was performed in 100 ^1 volumes using TaKaRa LA Taq DNA polymerase (supplied 
with reaction buffer, Takara Shuzo Co., Ltd., Shiga, Japan). Each reaction contained 
1.5-2.5 mM MgCl2, 12.5 nmol of each dNTP (Boehringer Mannheim Biochemica, 
Mannheim, Germany), 50 pmol of each oligonucleotide primer, and 1 ^l of a first- 
strand cDNA stock solution (see above). An improved PCR protocol was developed 
based on a combination of commonly used hot-start and touch-down procedures. 
Briefly, before adding the dNTP mbrture and the DNA polymerase the samples were 
preheated for 5 nun at 94°C and rapidly cooled to 4°C. Then dNTPs and DNA 
polymerase were added at 4°C and the reaction tubes were directly transferred to a 
preheated temperature cycUng reactor (Genius, Techne, Cambridge, UK) at 94°C. PCR 
reactions were incubated for 35 cycles under cycling conditions of 94°C for 30 sec, 70- 
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56°C for 1 min (starting at 70°C and decreasing by 0.4°C per cycle), and 72X for 1-5 
xmn, depending on the size of the expected PCR product. As a final step the reaction 
nuxture was incubated for 7 min at 72»C. Reaction products were analyzed by 
polyaciylamide slab gel electrophoresis and ethidium bromide staining. 

MolP^.,ilar clon i nc. viral cDNA and preparatipn of plasmid DNA 
PCR products representing EAV-specific cDNA sequences were subjected to restriction 
endonuclease treatment and restriction fi-agments were purified using preparative low 
melting point agarose gel electrophoresis. Specific DNA bands were extracted firom the 
gel by a hot phenol procedure followed by gel filtration. Restricted and purified EAV 
cDNA was inserted into one of the following mammalian expression vectors: pCRS.l, 
PCDNA3.1, pcDNA3.1/His, pDisplay (Invitrogen). Vector plasmids were prepared 
using restriction endonucleases and purified as described above. In addition, restricted 
vector DNA was dephosphorylated using calf intestine phosphatase (CIP). Ligation of 
specific EAV cDNA fragments with expression vector DNA was performed as 
described previously (ROsen-Wolfif cd., 1991). The resulting recombinant plasmid 
constructs are listed in Table 2. The specificity of the reaction products was confirmed 
by nucleotide sequence analysis of the insert and flanking vector regions. 

•KTiirlftntiHe .se quence analvsis 

PCR products were treated with 1 vol phenol -.chloroform (5:1) and precipitated with 3 
vol 95% ethanol containing 100 mM sodium acetate. The DNA was then washed with 
70% ethanol and dissolved in bidestilled water to a final concentration of 20 ng/jil. 
Plasmid DNA was prepared using the Qiagen tip 100 Kit (Qiagen, Hilden, Germany) 
according to the instructions of the manufacturer. Purified DNA was adjusted in H2O to 
a final concentration of 1 Mg/jxl. Purified DNA was automatically sequenced with a 
373 A "Extended" DNA sequencer using the BigDye Terminator- Fa^ cycle sequencing 
technique (AppUed Biosystems GmbH, Wdterstadt. Germany). Each sequencing 
reaction was performed in a volume of 20 jil containing 100 ng of a PCR product or 0.5 
tig of plasmid DNA, 50 pmol of the sequencing primer, and 5 nl of the BigDye 
Terminator reaction mixture. The cycle sequencing reaction was incubated for 28 cycles 
in an automated temperature cycling reactor (GeneE, Techne, Cambridge, UK) under 
cycling conditions of 96°C for 30 sec and 60X for 4 min per cycle. The samples were 
prepared for electrophoresis as described by the manufacturer. The electrophoresis of 
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.he samples was carried out on a 36-weU 48^ WTR (weU to ,ead) polyacrylanude gel. 
The nucleotide sequences obtained from individual sequencing reacuons were 
assembled using the Sequence Navigator software (version 2... AppUed B.osy^em, 
GmbH, Weiterstadt. Germany). Nucleotide and amino acid sequences '^"' ^ 
current CHnBank, EMBL. and SwissProt database sequence entries usmg the BLAST 
^rvice of the National Center for Biotechnology Information (National Library of 
Medicine, Betbesda, MD. USA). Physico-chemical properties of protems w«^ 
determin:- and conserved sequence motifs were identified with the PHVSCHEM and 
PROSriB programs included in the PaOene software (release 6 85. A. Bairoch. 
, university of Geneva. Switzerland). The OustalX program (version 1.54b) (Thompson 
1997) was used to generate multiple sequence aHgranents. 

m |i intinn "NA .nd Northern hlot analysis 

Total cellular RN A was isolated at different times after infection usmg the 
.5 guamdium/cesiumchloridemethodasdescribedpreviously(R6sen-Wolffe,al,1988. 

7989 ROsen-WolffandDarai, 1991). The northern blot analyse, of these BNAs were 
cani«l out using formaldehyde agarose gel (1%) elec««pho,esb as described elsewhere 
(Rasen-Wolfi-e»<ii,1988. 1989; Rasen-Wolff and Darai, 1991). 

20 rnsJA vacd »«^^^" nf animals 

The immunogenic potential of the BAV translation units were investigated In v,vo 
using BALB/c mice that were administered with DNA of the constmcted expresston 
vectors harboring and expressing the cDNA of the individual ORFs of EAV The 
BALB/cmicewereinieCed with about 100 pgmNA diluted in 100 ^IPBS. TheDNA 
25 was injected subcutaneously and into the »Matocr<mia(-. muscle (M»s«-te 

g<„„,«.) and with a 27 gauge needle. The mice were boosted 3 to 5 times w,th 

.he same quantities of DNA and under the same conditions a. about two week mterva^s. 

Control mice received the same amount of parental expression vectors via an idenucal 

route and frequency. 
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xr«.tra1iyation test 

Neutralization tests were carried out by diluting EAV-specific mouse or rabbit sera wxth 
PBS (1-2 to 1:1024) in aFalcon microtiter plate. Serum dUutions (50 jxl) were mixed 
with 100 TC1D50 of EAV (50 nl). The senxm-virus mbcture was incubated in a 5% CO^- 
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air atmosphere at 3rC for 2 h. Subsequently. 5 x 10^ RK13 ceUs in suspension were 
added to each sample of the serum-virus mixture. After 12 h the infected cultures were 
overlayed with BME containing IQo/o FCS and 0.5% carboxymethylcellulose. ITien the 
cultures were incubated for 3-4 days at 3TC in a 5% CO,-air atmosphere. Titers of 
infectious units were determined after staining with 1% crystal violet. 

Ttt^'IT'"'^^'^* analysis 

Confluent monolayers of cells were harvested by scraping the ceUs from the 
culture weU, petri dishes, and/or flasks after being washed three times with PBS (pH 
7 2) The final ceU peUet was resuspended in distiUed water. Protein concentration was 
measured under the standard method (Bradford, 1976). Samples were dissolved in an 
equal volume of lysis buffer (0.01 M Tris HCl, 10% glycerol, 2% SDS, 5% P- 
mercaptoethanol, 0. 1% (w/v) bromophenol blue, pH 8), heated for five minutes at 95°C, 
and subjected to SDS-PAGE according to the method of Laemmli (1970). Protems 
derived from infected and transfectant cells, as weU as recombinant N protein were 
separated by SDS-PAGE and electroblotted onto nitroceUulose filters using semi-dry 
electroblotting chambers (Renner, Dam^stadt, Germany). Transfer efficiency was 
monitored by Ponceau staining (Sigma, Munich, Germany). Filters were blocked for 1 h 
and incubated with a 1:1000 and 1:2000 dilution of the rabbit antisera mentioned above. 
Alkaline phosphatase conjugated antibodies (anti rabbit or mouse Ig-AP, Boehringer 
Mannheim, Germany) were used to detect interaction of the rabbit or mouse antiserum 
with EAV protein. 
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Tmmunofl" "'"ft';p.ence assav 

Indirect Immunofluorescence assay was performed essentially as described 
earUer (Welzel et al, 1998). Briefly, RK13 ceU lines were seeded on tissue chamber 
slides (Nunc Inc., Naperville, USA). The monolayer cell culture were infected with 
EAV at the MOI of 2 PFU/cell and 48 h after infection the ceUs were fixed with 
acetone-methanol and the slides were stored at -20°C. Fluorescein isothiocyanate 
(FTTO-conjugated anti-rabbit or mice IgG (F(ab')2 fragment immunoglobulin 
(Boehringer, Mannheim, FRG) was used as second antibody. In addition, rhodamine B- 
isothiocyanate (Merck, Darmstadt, Germany) was used at a final concentration of 10 
ng/^1 for counterstaining of the ceUs, together with the second antibody. 
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Polysorp F8 Microtiter Plates (Nunc, Wiesbaden. Deutschland) were coated with 50^1 
EAV Protein (EAV+Host (RK13)) at a concentration of 2 jxg x ml'^ in PBS (+ 0.05% 
NsNa) over night at room temperature, followed by three cycles of washing with H.O 
and then postcoated with 300 ^1 Blocking Buffer (0.017 M Na.B.O, x 10 H.O. 0.12 M 
Na CI, 0.05 o/o Tween 20. 1 mM EDTA, 5 V. BS A 0-05 % NaNa) for 3h at 28'>C 
foUowed by three cycles of washing with H2O. 

For the assay, the foUowing reagents were successively used: rabbit anti EAV serum at 
a reciprocal dilution up to 16000 or mouse anti EAV serum at a reciprocal dUution up to 
800. The dilutions were made in Sample buffer POD (DADE Behring, Marburg. 
Deutschland). After three cycles of washing with 300 nl/weU, horse-radish peroxidase 
labeled rabbit-anti IgG second antibody or the horse-radish peroxidase labeled mouse- 
anti IgG second antibody (Boehringer. Mannheim, Deutschland) at a predetermined 
optimum dilution of 1 :3000 each was added. The dilutions were made in Blocking 
buffer. Incubation steps were done for Ih at 28°C, each followed by three cycles of 
washing with 300 ul/weU Washing Buffer (DADE Behring, Marburg, Deutschland). 
Color was developed by adding 200 jJ/weU of freshly prepared Buffer/Substrate TMB 
and Chromogen TMB (10: 1) (DADE Behring, Marburg. Deutschland). The assay was 
stopped after 30 min by the addition of 50 unwell Stopping Solution POD (DADE 
Behring, Marburg, Deutschland) and read according to standard procedures at 450 mn 
on an automatic ELIS A reader (MR5000. DYNATECH. Denkendorf. Deutschland). 



T.ymphocy tp' antivation assay 

ALymphocyte activation assay for the eventual use of the cellular response of the 
immunized mice was established. BALB/c mouse, female, anti-mouse CD3s (500A2. 
PharMingen, Cat. No. 01511D), anti-mouse CD69 (H1.2F3. PharMingen, Cat. No. 
01505B). 

Geys buffer (140 mMNH4Cl. 2.7 mMKCl. 6.5 mMNa^HPO*. 1.5 mMKH2PO4.0.7 
mM CaCU 0.5 mM MgCh), FACS buffer (PBS. IV. FCS. 0.01% NaNs). Polystyrene 
round bottom tubes (Falcon, Becton Dickinson, Cat. No. 2052). and s« weU plate (TPP. 
Cat. No. 9206) were used. The measurement of the samples was performed using 
FACScan (Becton Dickinson), five measurable parameters: three high performance 
secondary photomultiplier with bandpass filter. 530 nm for fluorescein isothiocyanate 
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V n>v\ and 650 ran (red fluorescence), forward and side 

(FITC), 585 nm for phycoerythnn {Pt.) ana oau ran " 

sc2tttcr 

one mouse was killed, spleenectomy was performed and spleen was in a sterile tube 
with IX BME medium. Spleen was passed through a sterile homogeniser for mtact 
spleen ceU separation. The homogeniser was washed with Ix BME medium. Tl.e 
solution was centrifuged for 3 min with 1500 rpm. The pellet was dissolved in 1.5 ml 
Geys buffer. After that the solution was centrifuged for 3 min with 1500 rpm. The pellet 
was dissolved in 9 ml BME medium with 10% FCS. One 6 weU plate was filled with 1 
ml IX BME medium with 10% FCS, in 3 weUs of the plate additional 1 ^ig/ml anti- 
mouse CD3S was added. 1.5 ml ceU solution was added to each weU. The 6 well plate 
was incubated at 5% CO. for three days. Solution with activated and not activated 
cells were each divided in four Polystyrene round bottom tubes. The tubes were filled 
with FACS buffer and centrifuged for 3 min with 1500 rpm. The supernatant was 
discarded and the pellet was resuspended in two of four tubes with 100^1 anti-mouse 
CD3S (1:100 dUuted in FACS buffer) and incubated for 30 minutes at 4«>C. For double 
fluorescence the cells were centrifiiged for 3 min with 1500 rpm, the peUet was 
resuspended with 100^1 anti-mouse CD69 (1:100 diluted in FACS buffer) and incubated 
for 30 minutes at 4«'C again. The cells were centrifiiged for 3 min with 1500 rpm, the 
pellet was resuspended in 2 ml FACS buffer, centrifiiged again for 3 min with 1500 
rpm, and resuspended in 500 ^1 FACS buffer each, vortexed and measured in the 
FACScan. 



rnm piiter-assist ftd sequence analysis 

Nucleotide sequences were compiled using the ABI sequence navigator software 
25 version 1.2. Nucleotide and aniino acid sequences were analyzed using the PC/GENE 
program release 6.85 (Intelligenetics Inc. Mountain View, California, U.S.A.) and 
OMIGA program release 11.3 (Oxford Molecular Group Ltd.. Oxford, UK). 
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RESULTS 

T:c..KiUhn,..t Of a ^^itiT. ^.tem for vims propagation isolation of virus particles. 
and extraction nf viral RNA 
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The equine arteritis vims (EAV) used in this study was grown and propagated on rabbit 
kidney ceUs (RK-13). Vmons of EAV were prepared, purified, and the viral RNA was 
extracted. 

rrPneration of ^r«>r.ific rabbit ^ntU^ra against whole virus 

In order to specifically detect viral gene products by serological assays a polyclonal 
hyperimmune rabbit antiserum was raised against complete EAV virion components in 
New Zealand white rabbits. The protocol of the immunization experiment is given in 
Table 1. The titer of the antiserum was found to be >1:2000 as determined by Western 
Blot analysis. 

r^n^ration pf rahhit antiser^ ^i painst svnthetio polypeptides 

The biophysical analysis of the nucleocapsid protein (ORF 7) of EAV indicated that a 
strong antigenic domain was located within the first 38 amino acids of the ORF 7 gene 
product. In order to investigate the immunogenic potential of the N-terminus of the viral 
nucleocapsid protein a synthetic polypeptide corresponding to amino acid residues 1-38 
was synthesized and linked to keyhole limpet hemocyanine (KLH) and used to raise 
polyclonal monospecific antiserum in rabbits. The antiserum was found to detect 
specific EAV gene product in Western Blot assay at a dUution of 1 :200. 

Amplific;ition v^r.l genes b v PT-PPR and molecular cloninR of viral genes in 
ev pression vectors 

The EAV genome consists of about 12.287 nucleotides with a short 3 'poly- (A) tail. For 
molecular cloning of the viral genome specific oligonucleotides were synthesized 
(Table 2) and purified viral KNA was used in 3'-RACE experiments to generate a 
cDNAbank from the genomic RNA including cDNA of viral mRNA transcripts. The 
amplified cDNA fragments include the viral open reading frames (ORFs) 2 to 7, which 
encode the small glycoprotein, nonstructural proteins, large glycoprotein, membrane 
protem, and nucleocapsid protein, respectively (Table 3). The viral genes were 
molecularly cloned into a suitable expression vector (pCR3. 1, pDisplay. and 
pcDNA3.1/HisA, B, C; Invitrogeri). The identity of the cDNA of the individual viral 
ORFs was confirmed by nucleotide sequence analysis. The properties of the constructed 
mammaUan expression vectors harboring and expressing EAV-specific cDNA of the 
individual viral translation units are summarized in Table 3. 
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AS an additional goal for the development of efficient EAV DNA vaccines in future it is 
envisaged to construct expression vectors harboring and expressing overlapping or full- 
length viral cDNA. An expression library of cloned high molecular weight viral cDNA 
was constructed spamung the entire viral genome. Using optimized long-range RT-PCR 
protocols a number of overlapping viral cDNA fragments ranging from 2,000 to over 
8 500 bp were generated. The identities of the RT-PCR products were confirmed by 
nucleotide sequence analysis. This Ubrary is essential to establish full-length cDNA 
clones expressing the entity of viral antigens simultaneously in m vivo and in vitro when 
necessary. The properties of the individual RT-PCR products are summarized m Table 



4. 



v.r^n.tion c^^^"'^ ^th HifTerent vector constructs and evahiation of the 
cnrresponH in p immun e response 

r>xrA v.rdnatio P r.frr.:r.^. with vc ctof constnic t exprpssinp viral ORFs 5 and 7 
Balb/c mice were used as a model system for the evaluation of the immune responses 
against individual gene products of EAV raised by administration of recombinant 
plasmid DNA. The capabiUty of the expression vectors harboring and expressing EAV 
ORFS and 0RF7 that encode the viral nucleocapsid protein and the viral major 
glycoprotein to induce immune response in the mouse system was investigated. The 
animals were inoculated subcutaneously and intramuscularly for five times with 100 ^g 
of the particular DNA in 14-day intervals. Analysis of the individual mouse sera 
revealed that the administered DNAs of the vectors expressing both viral gene products 
are able to induce significant immune response in mice as tested by neutralization test 
(NT) The results of these studies are summarized in Table 5 and are shown in Fig. 3 for 
ORF 5 A significant immune response was detected when the animals were immunized 
with the recombinant plasmids pCR3.1-EAV-07-BX-C3 and pCR3.1-EAV-05-C14 
harboring ORFs 7 and 5 coding for viral nucleocapsid protein and large envelope 
glycoprotein (G.), respectively. As shown in Table 5 it was found that the recombinant 
plasmids PCR3.1-EAV-07-BX-C3 are able to raise antibodies against EAV in mice (80 
o/o immune response) as detected by Neutralization Test. Similar results (50-70 % 
immune response) were obtained in two independent experiments when the animals 
were inoculated with the recombinant plasmids pCR3.l-EAV-05.BX-C 14 (Table 5 and 
Fig. 3 A and B). 



Docket no. APB-2 

In the next step of this investigation the animals were administered with the DNAs of 
the recombinant plasmids pCRS.l-EAV-OT-BX-CS and pCR3.1-EAV-05-C14 
simultaneously under the same conditions described above. The results of this study that 
is in agreement with the corresponding results obtained from the analysis of the gene 
products of the EAV ORFs 7 and 5 (Table 5 and Fig. 3) are summarized in Table 5 and 
shown in Fig. 4. These data indicate that the native DNA of recombinant plasmids 
PCR3.1-EAV-07-BX-C3 (harboring ORF 7) and pCR3.1-EAV-05-C14 (harboring 
ORF 5) is able to express the corresponding gene products (viral nucleocapsid protein 
and large envelope glycoprotein (GO) vivo. 

The results of these studies unambiguously underline that the gene products of the EAV 
ORFs 7 and 5 are suitable candidates for development of a DNA vaccine protecting an 
EAV infection. 

msTA vacdnati"" ^frn\r^ with ^^rtor construct expressing viral ORFs 5. 7, and IL-2 
In order to determine whether or not the IL-2 is able to enhance the immunogenic 
potential of the gene product of the EAV ORFs 5 and 7 by DNA vaccination the 
following experiments were performed. An expression vector (pWS2ms) containing the 
murine IL-2 expression cassette (kindly provided by Dr. W. Schmidt, InterceU, Viemia) 
was co-inoculated with two novel constructed recombinant plasmids pDP-EAV-07- 
BgS-C2 and pDP-EAV-OS-Cl harboring and expressing the EAV ORFs 7 and 5 that 
encode the viral nucleocapsid protein and large envelope glycoprotein (Gl), 
respectively. The construction of these expression vectors based on pDisplay system 
that is similar to pCR3. 1. This system additionally allows the ceU surface expression of 
inserted epitopes by fusion to an N-terminal signal peptide and a C-terminal 
transmembrane domain. Balb/c mice were inoculated subcutaneously and 
intramuscularly for four times with 100 jxg of each of the vector constructs in 14-day 
intervals. Under the conditions used an enhanced EAV-specific immune response in 
mice was detectable as shown in Table 5. 

,,o.^n.t;nn f.f mice w ith v^nr constnict expressing viral ORFs 5 and 6 
The EAV consists of an unglycosylated membrane protein (M, 17 kDa, gene product of 
ORF 6). It was of particular interest to proof whether or not this viral gene product can 
eventually influence and/or enhance the immunogenic potential of the gene products of 
EAV ORF 5 in vivo. A recombinant plasmid pCR3.1-EAV-06-BE-C3 was constructed 
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in which the translation unit of the EAV ORF 6 was inserted into the corresponding site 
of the expression vectors pCR3.1. Balb/c mice were inoculated with recombinant 
plasmids PCR3.1.EAV.06-BE-C3 and pCR3.1.EAV.05.C14 under the conditions 
described above. The sera obtained from the Balb/c mice (pre and post DNA 
vaccination) were analyzed using neutralization test and the results are given in Table 5 
and shown in Fig. 6. A significant enhanced potential of the gene product of the EAV 
ORF 6 on the functional activities of the viral large envelope glycoprotein (gene product 
of EAV ORF 5) in vivo was not observed. 

r»JA v.r.dnati o» ^^rr^ir. ^th ve rfor constru ct expressing viral ORFs 3 and 4 
Although the functional activity of the gene products of two EAV ORFs 3 and 4 is not 
known, the eventual activity of these viral proteins in vivo was investigated. Two 
recombinant plasmids PCR3.1-EAV-03.BX-C1 and pCR3.1-EAV-04-BX-C3 was 
constructed (Table 3) in which the cDNA of the EAV ORFs 3 and 4 were inserted mto 
the corresponding site of the expression vector pCR3.1. The sera obtained from the 
Balb/c mice (pre- and post DNA-vaccination) that were inoculated with these 
recombinant plasmids were analyzed using neutralization test. The results of these 
studies are summarized in Table 5 and shown in Fig. 7 and 8 for the gene products of 
EAV ORFs 3 and 4, respectively. No neutralizing antibodies were detected in the 
immunized Balb/c mice under the conditions used. 

r>M A v.r..inatio n rr.^r. with vector ronstn.ct ex p ressing F A V N-terminal hydrophilic 
ertndomai" nf laree env ^^r*^ plyrnprotein (Gi ) 

Balasuriya and coworkers (1995) found that tiie neutralization determinants of EAV are 
located on tiie gene product of ORF 5 Oarge envelope glycoprotein) within the N- 
terminal ectodomain (amino add positions 1-121; Balasuriya et al.. 1997). Accordingly, 
a novel expression vector based on pcDNA3 . 1/ffis system was constructed. This vector 
is similar to pCR3.1. but allows tiie specific detection and purification of the expressed 
fusion proteins using N-terminal aniino add sequence tags. The strategy of tiiis 
experiment is shown in Fig. 2. A recombinant plasmid was constructed and termed 
) pC3 l-fflS-EAV-05-del-121 . The insert of tiiis expression vector possesses the coding 
region of EAV ORF 5 corresponding to amino acids 1-121 of the viral large envelope 
glycoprotein which was inserted into the corresponding sites of the parental vector 
PCDNA3.1-HIS-C (Table 5 and Fig. 2). Balb/c mice were inoculated with recombinant 
plasmid pC3 l-fflS-EAV-05-del-121 under the conditions described above. The sera 
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Obtained from the Balb/c mice (pre and post DNA vaccination) were analyzed using 
neutralization test. As shown in Table 5 and Fig. 9 it was found that the majority of the 
DNA vaccinated animals (90 %) developed a significant neutralizing antibody against 
EAV. 

r>>JA vaccination nf mice with v -r*nr mnstnicts expressing viral membrane and 
pivco proteins in cnmhinatio n with TL-2 gene expression 

As described above, it had been shown that the viral N-glycosylated major membrane 
protein (Gl), the N-glycosylated minor membrane protein (Gs, 25 kDa), and 
unglycosylated membrane protein (M, 17 kDa) are able to develop significant immune 
response in vivo as detected by DNA vaccination of Balb/c mice. Furthermore, the 
enhancer fimction of IL-2 gene expression during DNA vaccination is known. However, 
an intermolecular interaction of these proteins during gene expression in vivo e.g. by 
DNA vaccination is not known, so far. Therefore it was of particular importance to 
proof whether or not these proteins are capable to induce an adequate immune response 
by simultaneous expression in vivo. 

Four recombinant plasmids pCR3.1-EAV-06-BE-C4. pCR3.1.EAV-02-BX-C5, pC3.1- 
EAV-05-BX-C14. and pWS2ms were used. These vector constructs are able to express 
viral membrane protein, glycoproteins Gs, Gl, and mice interleukin 2, respectively. 
Balb/c mice were inoculated with a DNA mixture containing the four recombinant 
plasmids under the standard conditions described above. The sera obtained from the 
Balb/c mice (pre- and post DNA vaccination) were analyzed using neutralization test 
and the corresponding data are summarized in Table 5 and shown in Fig. 10. Under the 
conditions used in this experiment 90% of the DNA vaccinated mice developed 
significant immune response against EAV. 

nTsTA vaccin»>tinn of mice with vector con s tructs expressing viral small glycoprotein and 
th<> fyftnpi product of the ORF 4 

The capability of the EAV small glycoprotein (Gene products of ORF 2) and the gene 
product of ORF 4 to develop unmune response in vivo was investigated by DNA 
vaccination of Balb/c mice. Two recombinant plasmids pCR3.1-EAV-02-BX-C5 and 
pCR3. 1 -EAV-04-BX-C3 were used. These vector constructs are able to express viral 
small glycoproteins Gs, and the gene product of EAV ORF 4, respectively. Balb/c mice 
were inoculated with a DNA mixture containing the two recombinant plasmids under 
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*e ^andard condition, described above. The sera obtained 6om *e Balb/c mice ^re 
and post DNA vaccination) were analyzed using neutralization test. As shown m F,g. 1 
and Table 5. it was found fl«t about 50% of the DNA vaccinated animals developed 
NT-titer against EAV. 

T^n pistics for r>NA vaccination o f horses 

In addition to the objective of our studies, it was necessary to develop and 
establish a novel screening system for detection of humoral and cellular immune 
response in vaccinated horses. An enzyme linked immunosorbent assay (ELIS A) and a 
lymphocyte activation assay were established as described in the session of matenal and 
methods. Furthermore, it was necessary to prepare a convenient kit for vaccination of 
horses with the constructed expression vectors harboring and expressing the viral gene 
products of ORFs 2 to 7. 

r>..,.in pment c ^-> r.r..,.^ Fnzvme linked immunosorbent assay fELIgA) 
Polysorp F8 Microtiter Plates were coated with Protein of EAV infected RK-13 ceUs at 
a concentration of 2 ^g x ml V In this system antibodies against EAV (rabbit, mouse, 
and horse serum, etc.) can be detected. Horse-radish peroxidase labeled rabbit-anti IgG 
or horse-radish peroxidase labeled mouse-anti IgG served as second antibody. The color 
, was developed by adding Buffer/Substrate TMB and Chromogen TMB and the 

adsoibance was determined according to standard procedures at 450 nm on an automatic 
ELISAreader (for detail see session material and methods). An example of the resuhs 
of this analysis is shown in Fig. 12. The viral antigens prepared for ELISA can be used 
for performance of about 20,000 ELISA assays. 

5 

Pf^vH-r"^""* "^'^ T.vmphorvte activation assay 

A Lymphocyte activation assay for the eventual use of the ceUular response of the 
immunized mice was estabUshed. BALB/c mouse, female, anti-mouse CD3e (500A2, 
PharMngen, Cat. No. 01511D), anti-mouse CD69 (H1.2F3, PharMingen, Cat. No. 
JO 01505B) Geysbuffer(140mMNH4Cl,2.7mMKCl,6.5mMNa^HPO4.1.5mM 

KH^O. 0 7 mM CaCl^O.5 mM MgCla), FACS buffer (PBS, 2% FCS, O.Ol-Zo NaNs), 
Polystyrene round bottom tubes (Falcon, Becton Dickinson, Cat. No. 2052), and six 
weU plate (TPP. Cat. No. 9206) were used. The measurement of the samples was 
performed using FACScan (Becton Dickinson), five measurable parameters: three high 
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performance secondary photo multiplier with band pass filter: 530 nm for fluorescein 
isothiocyanate (FTTC), 585 nm for phycoerythrin (PE) and 650 nm (red fluorescence). 

forward and side scatter. 

One mouse was kiUed, splenectomy was performed and spleen was transferred to a 
sterile tube with Ix BME medium. Intact spleen ceUs were separated and were washed 
with ix BME medium. The solution was centri&ged for 3 min with 1500 rpm. The 
peUet was dissolved in 1.5 ml Geys bufifer. After that the solution was centrifuged for 3 
min with 1500 rpm. The peUet was dissolved in 9 ml BME medium with 10% FCS. One 
6 weU plate was filled with 1 ml Ix BME medium with 10% FCS, in 3 wells of the plate 
additional 1 ^ig/ml anti-mouse CD3e was added. 1.5 ml cell solution was added to each 
weU. The 6 weU plate was incubated at 37°C. 5% CO2 for three days. Solutions with 
activated and not activated ceU were each divided in four Polystyrene round bottom 
tubes. The tubes were filled with FACS buffer and centrifuged for 3 min with 1500 rpm. 
The supernatant was discarded and the peUet was resuspended in two of four tubes with 
100^1 anti-mouse CD3e (1.100 dUuted inFACS buffer) and incubated for 30 minutes at 
4°C. For double fluorescence the cells were centrifiiged for 3 min with 1500 rpm, the 
pellet was resuspended with lOO^tl anti-mouse CD69 (1 :100 dUuted in FACS buffer) 
and incubated for 30 minutes at 4°C again. The ceUs were centrifiiged for 3 min with 
1500 rpm, the peUet was resuspended m 2 ml FACS buffer, centrifiiged again for 3 min 
with 1500 rpm, and resuspended in 500 ^1 FACS buffer each, vortexed and measured in 
theFACScan. 

Table 1. An example of experimental protocol used for production of polyclonal 
antibodies against equine arteritis virus in New Zealand white rabbit 
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Date 



09.06.1998 



10.06.1998 



24.06.1998 



08.07.1998 



22.07.1998 



30.07.1998 



11.08.1998 



Treatment 



Preimmun-serum 
10 X 620 nl 



1^ inoculation* 
0.5 ml/s.c. 



2"" inoculation* 
0.5 ml/s.c. 



3 "* inoculation* 
0.5 ml/s.c. 
4** inoculation* 
0.5 ml/s.c. 

First bleeding (10 ml) 

Titer by immunoblot analysis = 1:200 



5 ^ inoculation* 
0.5 ml/s.c. 



Final bleeding (30 x 1.5 ml) 

Titer by immunoblot analysis = >1:2000 



Virus: Equine arteritis virus: Virion in 0.5 ml PBS, purified by sucrose gradient 

centrifiigation 
Animal: New Zealand white rabbit (ca 2 kg/female) 

Table 2: List of oligonucleotide primers that were used for the amplification and 
molecular cloning of equine arteritis virus cDNA. Artificial sequences containing 
restriction endonuclease recognition sites (underUned) are shown in boldface letters. 
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Primer Name 


1 Nucleotide Sequence 


P-Xba^EAV«05-Rl 


1 5'-GGGTCTAGAGTCACCACAAAATGAATCTATGGC-3' 


P-BamHI-EAV-05-F 1 


i 5'-GGGGGATCCTGGTACGTTGGGCTCAACGATG-3' 


P-XbaI-EAV-07-Rl 


i 5'-GGGTCTAGACCACACAGGAGAATATCCACGTC-3' 


1 P-BainHI-EAV-07-Fl 


! 5'-GGGGGATCCCGCAGTTGGTAACAAGCTrGTCG-3' 


P-XbaI.EAV-05-Rl 


i 5'-GGGTCTAGAGTCACCACAAAATGAATCTATGGC-3' 


P-BamHI-EAV-05-Fl 


1 5'-GGGGGATCCTGGTACGTTGGGCTCAACGATG-3' 


\ P"BaniHI-EAV-02-Fl 


1 5'-GGGGGATCCATTTCTGTGATTGATGCAGCGC -3' 


P-XbaI-EAV-02-Rl 


^ 5'-GGGTCTAGAGGCATATTCATAACCCGTGTGCACTAC-3' 


P-BamHI-EAV-03-Fl 


1 5'.GGGGGATCCnTGACCGGACCGGCCACATGGGTC-3' 


POftal-EAV-OS-Rl 


i 5'-GGGTCTAGAGTAAGTAAAATTACGAGCCTCTGCAGC-3' 


P-BamHI-EAV-04-Fl 


1 5*-GGGGGATCCCCTTTGTAGATGAAGATCTACGGC-3' 


P-XbatEAV-04-Rl 


1 5'-GGGTCTAGAGCAATACAATCATAGATAACATCGTTG 
1 AGCCC-3* 


i P-Baniffl-EAV-06-Fl 


1 5'-GGGGGATCCCAGCTGAGGTATGGGAGCCATAG-3' 


1 P-EcoRI-EAV-06-Rl 


1 5'-GGGGAATrCCATGCGCAGTAGGTCATTGTAGC-3' 


! P-BainHI-EAV-05- 

1 Fin 


j 5'-GGGGGGATCCTGGTACGTrGGGCTCAACGATG-3' 

j 


1 P-XbaI-EAV-05-Rln 


1 5'-GGGGGTCTAGAGTCACCACAAAATGAATCTATGGC-3' 


i P-BainHI-EAV-07- 

\ Fin 


1 5'-GGGGGGATCCCGCAGTTGGTAACAAGCTTGTCG-3' 


P-XbaI-EAV-07-Rln 


i 5 '-GGGGGTCTAGACCACAC AGGAGAATATCC ACGTC-3 ' 


1 P.SalI-EAV-05-Rl 


1 5'-GGGGTCGACGTCACCACAAAATGAATCTATGGC-3' 


1 P-EcoRI-EAV-07-Rl 


i 5'-GGGGAATTCCACACAGGAGAATATCCACGTC-3' 


i P-EAV-05-R1 


i 5'-CAACTATGCCGAATTCACGGCC-3' 


1 P-EAV-05-F1 


1 5'-GGCCGTGAATTCGGCATAGTTG-3' 


1 P-BamHI-EAV-02- 
1 Fin 


1 5 '-GGGGGGATCCATTTCTGTGATTGATGCAGCGC -3 ' 


1 P-Xba^EAV-02-Rln 


i 5'- 

: GGGGGTCTAGAGGCATATTCATAACCCGTGTGCACTAC-3 


j P-BainHI-EAV-03- 
1 Fin 


i 5'-GGGGGGATCCnTGACCGGACCGGCCACATGGGTC-3' 


i P-XbaI-EAV-03-Rln 


•: 5'- 

i GGGGGTCTAGAGTAAGTAAAATTACGAGCCTCTGCAGC- 

1 3' 


1 P-BainHI-EAV-04- 
1 Fin 

: 


1 5'-GGGGGGATCCCCTTTGTAGATGAAGATCTACGGC-3' 

I 


1 P-XbaI-EAV04-Rln 


1 5'-GGGGGTCTAGAGCAATACAATCATAGATAACA 
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Primer Name 



Nucleotide Sequence 



1 TCGTTGAGCCC-3' 



Table2contmued. „^ to the ampUfication^d 

rn^le^l^ cloning of Muine arteritis virus cDNA. Artificial sequences 
S^S^g rSon endonuclease recognition sites (underlined) are shown 

in boldface letters. — 1 

Nucleotide Se quence i 

5'.GGGICIAGAGTCACCAC>»lAA^ j 

S'ir^^i GGATCCT ^^ ^ 



Primer Name 
P-XbaI-EAV-05-Rl 



P-BamHI-EAV-OS-Fl 



P-XbaI-EAV-07-Rl 



P-BainHI-EAV-07-Fl 



p.XbaI-EAV-05-Rl 



P-BamHI-EAV-05-Fl 



F.iK3GG^rcCCGCAGTTGGTAACAAGCTTGTCG-3' 



V-nfiGTCTAGAGTCACCACAAAATGAATCTATGGC-3' 



5' 



-nGG GGATCCT GGTACGTTGGGCTCAACGATG 



-3' 



P-XbaI-EAV-02-Rl 



P-BaiTiHI-EAV-03-Fl 



p.XbaI-EAV-03-Rl 



s'-r^^rfy-TATCCTTTGACCGGAC CGGCCACATGGGTC-3' 



S'-GGGICTAGAGTAAGTAAAATTACGAGCCTCTGCAGC- 

3' 



pi^:i^^Fr 1 5':g^ 
^^:;^:iii:v^E [I'lii^GGiSSGM^ 

I GAGCCC-3' 



3' 



iianiHI-EAV-06-Fl j 5'-GGGGG^CCAGCTGAGGTATGGGAGCXA^ 



P-BamHI-EAV-OS- 
Fln 



1 ^^ggggggStc^ 



P-XbaI-EAV-05-Rln 



p.BamHI-EAV-07- 
Fln 



5'-GGGGGTCTAGAGTCACCACAAAATGAATCTATGGC-3' 
5'-GGGGfieAICQCGCAGTTGGTAACAAGCTrGTCG-3' 



P-XbaliAV-07:Ri n5^:<^^ 

r Y ^<-i> 1 i V-nnGGTCGACGTCACCACAAA ATGAATCTATGGC:3' 



3' 



P.EcoM-EAV-07-Rl j 5>-GGGGAAITCcXcACAGGAGAATATCCACGTC-3' 

i 5 -CAACTATGCCGAATrCACGGCC-3' 



P-EAV-05-R1 



P-EAV-05-F1 



I 5r^^CTQMI3:CGGCATAGTIX^3 
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Primer Name 
Fin 

p.XbaI-EAV-02-Rln 1 


Nucleotide Sequence 

GGGGGTCTAGAGGCATATTCATAACCCGTGTGCAC 1 AU 
3' 


P-BamHI-EAV-OS- 
Fln 


5 '-GGGGGGATCCTTTGACCGGACCCiUCCAuA i uiAj 1 C- J 


P-XbaI-EAV-03-Rln 


GGGGGTCTAGAGTAAGTAAAATTACGAGCCTCTGCAGC- 
3' 


P-BamHI-EAV-04- 
Fln 


5'.GGGGGGATCCCCTTrGTAGATGAAGATCTACGGC-3* 


P-XbaI-EAV04-Rln 


* 5'-GGGGGTCTAGAGCAATACA\TCATAGATAACA 
: TCGTrGAGCCC-3' 
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Properties of the constructed manunalian expression vectors harboring 
EAV-specific cDNA of the individual translations units. 



i Construct Name 1 

1 ( 


EAV-Specific Insert 1 
T4ucIeotide Position) ( 


Expression Vector < 

] 

Restriction Sites) 


Oligonucleotide 
Primers 


pCR3.1-EAV-02- ( 
BX 1 


ORF 2: small 1 
glycopro^n 

(9807-10490) 


pCR3.1 1 

(BaniHi/XbaV) 

G/GATCC/T/CTAGA 


p.BamHI-EAV-02- 
Fln 

P-XbaI-EAV-02- 
Rln 


i pCR3.1-EAV-03- 
BX 


ORF 3 

(10289-10780) 


pCRB.l 

(Bamm/Xbal) 
G/GATCC/T/CTAGA 


P-BamHI-EAV-03- 
Fln 

P-XbaI-EAV-03- 
Rln 


pCR3.1-EAV-04- 
BX 


ORF 4 

(10683-11141) 


pCR3.1 

(Bamm/XbaT) 
G/GATCC/T/CTAGA 


P-BainHI-EAV-04- • 
Fin 

P-XbaI-EAV-04- 
Rln 


pCR3.1-EAV-05- 
BX 


ORF 5: large 
glycoprotdn 

(11129-11896) 


pCR3.1 

{Bamia /Xbal) 
G/GATCC / T/CTAGA 


P-BamHI-EAV-05- 
Fln 

P-XbaI-EAV-05- \ 
Rln 




pDP-EAV-05-BgS 


ORF 5: large 
glycoprotein 

(11129-11896) 


PDisplay 
(Bg/II / SalT) 
A/GATCT / G/TCGAC 


P-Bgin-EAV-05- 
Fln 

P-SalI-EAV-05-Rln 


pCR3.1-EAV-06- 
BE 


ORF 6: membrane 
protein 

(11884-12372) 


pCRS.I 

iBamm/EcoBS) 
G/GATCC /G/AATTC 


P-BamHI-EAV-06- 
Fln 

P-EcoRI-EAV-06- 
Rln 


pCR3.1-EAV-07- 
BX 


ORF 7: nucleocapsid 
protein 

(12296-12628) 


pCR3.1 

(Bamm/Xbal) 
G/GATCC/T/CTAGA 


P-BamHI-EAV-07- | 
Fin 

P-XbaI-EAV-07- 
Rln 


pDP-EAV-07-BgS 


ORF 7: nucleocapsid 
protdn 

(12296-12628) 


PDisplay 
{Bgm/SaU) 
A/GATCT /G/TCGAC 


P-BgUI-EAV-07- 
Fln 

P-SalI-EAV-07-Rln j 


1 pCR3.1-HIS-EAV- 
05-del-l-121-BX 


partial ORF 5: C- 
terminal ectodomain 
of large glycoprotein 

(11129-11492) 


pcDNA3.1/fflS C 
(Barnia / MoT) 
G/GATCC / T/CTAGA 


P-EAV-GL-ECTO- | 

F i 

P-EAV-GL-ECTO- 1 
R 



5 
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Table 4: Properties of the equine arteritis virus specific cDNA obtained by long 
range RT-PCR 



PGR product 
(viral ORFs) 

1 

1 

j 

1 
j 


Nucleotide 
Position 


Size of 

Viral 
cDNA 

Fragment 

bp 


Site ($) of 
Restriction 

Enzyme (s) 


Oligonucleotide | 
Primers 

i 
j 
i 
i 
i 


|PCR-EAV-1-5102 

1 (truncated ORF 1 a*) 


1-5102 


5102 


Ajm/BamBl \ P-AflH-TOEAV-Fl & | 
C/TTAAG/ 1 PR-BAM-5102 
G/GATCC 1 


iPCRrEAV-5097.8570 
i(Partof ORFla&b'') 


5097-8570 


3473 


BamSUSphl \ PF-BAM-5097 & 
G/GATCC/ jPR-SPH-8570 
GCATG/C 1 


1 PCR-EAV-8565-12687 

1 (Fart of ORFl b & 2-7**) 

1 

|PCR-EAV"l-8570 

1 (ORF 1 a & truncated lb*) 


8565-12687 
1-8570 


4122 
8570 


SphVMrol 1 PF-SPH-8565 & 
GCATG/C / 1 P-Mro I^EAV-Rl | 
T/CCGGA 1 

AfWUSpkl \ P-Afin-TOEAV-Fl & | 
C/TTAAG / i PR-SPH-8570 
GCATG/C 1 


\ PCR-EAV-5097-12687 

|(Partof ORFla*-7**) 

1 
1 

|PCRrEAV-l-6959 

1 (ORFl a & part of lb*) 


5097-12687 
1-6959 


7590 


BamSJIMrol \ PF-BAM-5097 & 
G/GATCC / 1 P-Mro I-TOEAV-Rl \ 
T/CCGGA 1 


6959 


AfWL 1 P-AflU-TQEAV-Fl & | 
C/TTAAG 1 PR-EAV-6959-6946 1 


|PCR^AV-5948-12687 
|(Partof ORFlb* -7**) 


5948-12687 


6739 


Mrol 
T/CCGGA 


PF^AV-5948-5973 &| 
P-MroI-TOEAV-Rl 



* ORFl: ORF la: 208-5391, ORF lb: 5388-9734 nucleotides 
** ORF2-7: 9807-12628 nucleotides 
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Table: 5: Summary of the results obtained by DNA immunization of mice using 
different 

gene products of equine arteritis virus 
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MV- 
256IL2-1 

(10) 
02/12/19 

99 to 
04/07/19 
99 


pCR3.1-EAV-02-BX-C5 
(ORF 2/sniall glycoprotein) 
pCK3.1-EAV-05-BX-C14 (ORF 

5/Gl) 

pCR3.1-EAV-06-BE-C4 
(ORF 6/membraiie protein) 
oWSlms (IL2 eene) 


<1:10/1:10 


1:10/1:80 


70/90' 


MV- 

99/5(10) 
05/14/19 

99 to 
07/09/19 
99 


pCR3.1-EAV-02-BX-CS 
(ORF 2/smali glycoprotein) 
pCR3.1-EAV-04-BX-C3 (ORr4/?) 


<1:10/1:10 


<1:10/1:80 


40/50* 



'Neutralizing antibodies 
''Neutralizing titer 1:20 excluded 
'Neutralizing titer 1:20 included 
PIS: Preimmune serum; PVS: Post vaccination serum 



S ^ Protein of unlcnown function 

Example 2 DNA vaccination of horses 

Preparation of a DNA vaccine Wit for applination in horses 

10 A convenient kit for vaccination of horses harboring the individual constructed 
recombinant plasmid (10 mg DNA) expressing the viral gene products of ORFs 2 to 7 
was prepared. The properties of the DNA vaccination kit are summarized in Table 6. 
In order to proof the ability of the expression of EAV cDNAs of ORFs 2 and 5 to 7 in 
the autologous animal system horse it was necessary to screen the horse sera prior to 

15 immunization trial. The selection of the suitable animals was based on the resuhs 
obtained from the analysis of the horse sera. These studies allowed detecting the 
existence of a previous naturaUy occurred EAV infection in horses. Five sera were 
obtained from Prof Dr. H. MiiUer (Institut fur Virologie, Veterinarmedizinische 
Fakultat, Universitat Leipag). The horse sera were analyzed by neutralization assay and 

20 ELISA as described above. The results of these experiments for sera obtMned from 
Leipzig are summarized in table 7. In contrast, it was found that three horses from the 
animal farms of Leipzig did not developed specific antibodies against an EAV infection. 
Consequently, it seem to be rational that the animals from the later form can be 
considered for evaluation of EAV DNA vaccine in its natural host. 

25 

Preparation of autologous skin fibroblasts 

Two skin biopsies were performed from each of the five horses involved in the study 
(Daggy, Frieda, Friedrich, Jessy, Nelke). Skin samples were cut into (5-8) slices and 
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a„ached to eel cu.n:« flaslcs. Aft« a 30 in«.b«ion 37«C and 5% CO. 
sample, were cultured in Dulbecco's modiii«i eagjes mediun, (DMEM) con^^g 10/. 
ftul calf semm (PCS), antibiotics and an.imyco.ics. F,broblas« growing o« of fte *m 
santpies were passaged twice and emended to 2x.o' oeUs. From each horse cdk were 
5 frozen in liquid niUogen(N2) in aJiquoB containing a leas. 2x10 cells. 

Several aliquots were *awed and cultured in DMEM containing 10% FCS «.d 
antibiotics to verify ^ competence of these ceUs for further growth. CeUs were 
pass^ed more than 20 times. For transfection experiments, however, cell of passage 15 
10 and more proved to be no. suittble. 

Plasmids were obtained from Boehringer Ingelheim (named pCR3.1-EAV-02-BX-C3), 
15 PCR3 1-EAV-05-BX-C14, and pCRS.l-EAV-OT-BX-CS). After selection of ampiollm 
resistent e coli K12 colonies, bacterial cultures containing the different plasmids were 
grown to large scale. From each plasmid 500^1 DNA at a concentration of l-Sjig/jxl 
were isolated and stored at -20°C for the transfection experiments. 

20 Transfectio n experiments 

Transfection experiment were initially performed in 12 and 24 weU plates. Titration 
experiments in the 24 weU plate forma, using cell members berween 1 5x10 and 3x10 
per weU revealed *a. 1.25x10' ceUs seeded in each weU were ahnos. confluent (85/.) 
25 within 24 hours. 

a) Lipofection as transfection reagents 

Titration experiments performed in a 24 weU plate forma, using 5.20plMell Lipoffectin 
showed .ha, amounts >15pl were toxic to ti,e ceUs. Titration «„erimen.s using dfferen. 
,0 amoun.s (5-80^g/weU) of DNA with 12.5 ^ Lipofectin revealed that concemrations of 
80^g DNA showed ti.e highes. transfection efficiencies. However, the efficiency m 
tiiese transfection experiments did no. exceed 10%. 



b) LipofertAMINE as transfection reagent 
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m order to increase the transfection efficiency, transfection experiments were performed 
using additional transfection reagents (LipofectAMINE, LipofectAMINE plus, 
DMRIE). Compared to the results of the transfection experiments using Lipofectin. 
DMRIE did not result in higher number of transfected ceUs. LipotectAMINE showed to 
be more toxic to the ceUs, but the transfection efficiencies were higher. The 
recommendation of the supplier to use in addition to LipofectAMINE the 'plu^ reagent 
did not increase the transfection rate. Therefore, LipofectAMINE seems to be the 
reagent of choice to transfect the cultured primary horse skin fibroblasts. 

In the initial experiments using 7.5^1 LipofectAMINE and 5ng of DNA, about 15% of 
the target ceUs were transfected. Currently transfection experiments are being 
performed to further increase the transfection efficiency. So far, the transfection 

efficiency is about 20%. 

Tsnlation of peripheral > ^lr>oH lymphocytes 

Three weeks and one day before the initial immunization, 50ml of heparinised blood 
was collected fi-om each horse by jugular yenipuncture. The blood was centrifuged at 
400 X g for 5 min and the plasma was removed. Blood calls (10ml) were resuspended 
with phosphate buffered saline (PBS) to a volume of 25ml, layed on a FicoU Hypaque 
gradient (15ml) and centrifuged at 400 x g for 30min. The PBMC were coUected fi-om 
the interface, washed twice in PBS. counted and firozen in aHquots in N2 in 10% DMSO 
and 90% FCS. 

To test the viability of the PBMC, cells were thawed, cultured in Isocove's modified 
Eagles medium (IMEM) containing 10% FCS and antibiotics. PBMC were stimulated 
for two days with 2.5^g/ml pookweed mitogen and cultured thereafter in the presence 
of 200U of human recombinant IL-2. PBMC showed a good proliferation, were grown 
to 2x10^ cells/ml and were fi-ozen again as aliquots in N2. 

Dfttftction of EAV- spftcific antibodies 

Serum was coUected 4 months, three weeks and one day before the initial 
immunization. Serum of the first timepoint was investigated at the Institute of Medical 
Virology (Prof Darai) in Heidelberg for the presence of EAV-specific antibodies. The 
results are summarized in table 10. 
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Tmmimizat?^" the horses 

All five horses were ia«.unized by inttan.uscu.ar (i.m.) injecton >M intt^em») 
^pUcation of *e EAV plasmid DNA encoding (parts of) ORF 2. ORF 5. and ORF 7 
Itag a gene gun. The i.m. inoculations were appUed to *e muso-h 
semi^en^ranosus/senutendinosus/gluteus. The gene gun application of the DNA was 
performed on boti, sides of the necfc The corresponding parts of the skin (40cn, ) were 
shaved before to enable a good DNA appUcation using the gene gun. A detaUed 
protocol of the DNA inununization Cmcluding sedation of the horses, an.ount of DNA, 
adjuvants, buffers) is provided in exan,>le 4. The horses were investigated 24 and 48 h 
post immumzation for local and syste«»c reactions. None of the animals developed 
fever and the local reactions (thickness of the skin, development and involution of 
papules) are summarized in tables 12 and 13. 

rnUftction nf htnnd and g^^nim samples 

Peripheral blood lymphocytes, serum and plasma of the horses were taken as omlined in 
Table 12 Up to date, blood and serum samples were taken three times after the 3 
booster immunizaUon to measure the kinetics of antibody titres and aoivues of 
cytotoxic T-lymphocytes. 

Pf^trrm--^^"" maximum cHlnlar ^^Cr-uptake 

Titration experiments were performed using (i) constant amounts of ^Cr with different 
cell-concentrations and incubation times ^and (u) constant incubation times wrth 
different cell-concentrations and amounts of ''Cr. 

Target ceUs (5 xl0\ 2 x 10\ and 5 x 10^) were labeled with 100 jxCi for each 90 min.. 
150 min and 240 min. The ceUular ^Cr-uptake as weU as "Cr present in the culture 
, supernatant were detennined. In the supematants of the labeled cultures, a bnear 
increase of ^Cr was measured (Figure 14a). The amount of ceUular "Cr also increased 
with longer incubation times and higher numbers of cells. 

Similar results were obtained when tiiese experiments were performed using constant 
incubation times witii different ceU concentrations and amounts of ^^Cr (Figure 14a). 



5 



10 
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The sub^traoHon of *e "Cr pr«en. in *e ccDs and *. "Cr rdc^ed into the 
.upen,aun. is shown in (Fi^re 14b). For *e measurement of cytotoxic T-lymphooyte 
aides in .he blood of the immu^zed horses, it was decided to label 5 x 10 target 
ceUs with 200 jiCi for 240 min. 

^,-,,. ^„, ^ot. . i r ThrmP hon.^ ^c^vit '- ^ "ft^ ""^ 

immunization 

The preparation of .he targe. ceUs including transfection and "Cr-labeling was 
performed as describ«l in deUU in Example 3. The isolation of .he peripheral blood 
lymphocy^s. *e ceU cutore in W«r» as weU as *e restimulation of the effector cells 
was also performed as outlined inExample 3. 

AS described above, we labeled 5 x lO' target ceUs with 200 ,Ci for 240 min. To avo.d 
spontaneous release of "Cr by the cells the targe. ceUs were kept on ice for 45 mm after 
the firs, washing s.ep. The effecor cells were added to the cuHures using effeCor/Wge. 
cell ratios of 3:1. 25:1. and 50:1. After incubation for S h a. 37'C and 5 «/. CO, cuW 
plates were centrifuged at 1000 KPM for 3 min and each supen«tant was measured for 
Ae presence of ='Cr in a scintUlation. Negative control culwre supematiurts cons.s«d of 
Ubeled cells wid>ou. a.e addition of effecor cells (spon«neous "Cr-release of the 
, cdls) Positive control culture supematants consisted of cutores of label«l cells rfter 
cell lysis using 10 % Trilon X-100 (maximum "Cr-uptake). The results of ti.e Cr- 
release of ti,e individual cutores including .he effecor cells prior to immunization, two 
weeks after the 2- and two weeks after fte 3" boos.er immunization (see Table 1 1) are 
included as «ble 18. Figures 15a> 15e) show ti» calculated specific lysis s 0 acoordmg 
5 .„ Hammond SA. Issel O. and Montela,^ RC (1998): G«.eral meU,od for U.e deucon 
and in vitio expansion of equine cy.olytic T lymphocy.es. J Immmol WeAod 213: 73- 

The data sheets containing ti,e "Cr-release of the individual caltirres (table 18) show *e 
relative small standard deviations between the four individuaUy handled cultiires of 
,0 each sample. Compared with the earlier cytotoxic T-cell assays performed witi, ceUs 
after the first immunization and fl.e l" booster immunization (see example 3). .he 
diarences between die negative conrrol cultiire supemaranu (spontaneous "Cr-release 
of the ceUs) and flie positive comrol culture supemaumts (maximum "Cr-uptake by the 
cells) are greater in U« current assay. In general, e measured higher percemages of .he 



10 



15 



20 
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calculated specific lysis (Fig. 15). In the cultures containing effector ceUs obtained prior 
to immunization, however, we also measured relatively high percentages of specific 
lysis It would be expected to have higher amounts of "Cr released in the supematants 
when higher number of effector cells were added to the targets. The values measured in 
the supematants of the cultures with effector/target ceU ratios of 3:1. 25:1. and 50:1. 
however, did not show such a consistence in specific lysis. Possibly, the number of 
antigen expressing target cells (approximately 20 %) are not high enough to enable the 
measurement of specific lysis. To enlarge the number of antigen positive ceUs. we used 
in the current experiments 5 x 10^ target cells. Other possible reasons for the 
inconsistency of specific lysis are not efficient restimulations of the effector cells m 
vitro or other unknown methodical details. 

Rnmmarv of t^^- «ifta.sured c ytntnyir. T-lvmnhocvte activities 

Due to the inconsistency of the measured specific lysis it is difficult to draw conclusions 
concerning the antigen(s) most suHed for the induction of cytotoxic T-lymphocytes. In 
an attempt to give an overview of the measured specific lysis we calculated for each 
ORF the average value (X) of the specific lysis of all different effector/target ceU ratios 
(3:1, 25:1, 50:1) and subtracted the average value (Y) of the negative controls (results of 
the cells before immunization), which were calculated similarly. 



25 



30 



X = 
3 



X,(3:l)+X.(25:l)+X3(50:l) X,(3:l)+Y2(25:l)+Y3(50:l) 

Y= 



The results show the absolute increase of the cell lysis in percent at the indicated times 
for each ORF, compared to the values obtained before immunization. 
Two different scales were used to express the increase of specific lysis. In example 5, 
Table 19, measured lysis between 0 and 5 % is given a + (plus). In example 5. Table 20. 
measured lysis between 0 and 5 % is given a - (minus). Horse Daggy was serologically 
positive before immunization. This explains the measured specific lysis already two 
weeks after the first immunization. Horse 'Frieda' had a weak antibody response before 
the first immunization. Cytotoxic T-lymphocytes directed against the expression 
product of ORF 2 and 7 were also measured in the blood of this animal two weeks after 
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.he fi... i— tion The s«o.o^«i.y negative animals ^cBc. and Triedrich' did n« 
.eveiop eycixic T-iymphooyte. after *e fir. in^unizaficn. Only m horse essy^» 
seroloS negative before immunization, oy.o»>dc T-lymphocy^s d^e^ed agams. 
1 ZJo. product of OK. 7 .ere mealed. Ur^ortunate,. .he spe^c 
no. consis^n. =. *e following tin,e points. After the 3" booster unmuntzation. howev^. 
specific lysis (> 10 %) eas measured in all animals The activity of cyti,to.c T- 
Iphocytes was directed in horse Tried, and •less/ against the express,on product of 
^ horse .agg/ and TriedHc. against the expression product of OKP 7 and m 
horse -Nelke' against the expression product of ORF 7. 
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. ^ ^ * *«f,Htnroduced for DNA-vaccinationofhorses using expression 
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Table: 7. 

Test of EAV specific antibodies in preimmune serum 

The results of neutralization test (NT) and ELISA test in which the 
preimmune sera of 5 horses from Leipzig were screened for existence of a 
humoral immune response developed during a natural infection with wild 
type equine arteritis vims (EAV) 



10 



Horse 

Daggi 


Titer of serunr 
N'T 
1:40 


Titer of serum 

ELISA 

1:100 


Remarks 
positive 


Frieda 
Friedrich 


1:20 
1:10 


1:50 
<1:50 


boundaiy 


Jessy 


1:10 


<1:50 
<1:50 




Nelke 

Positive 
Control 
Serum 


1:10 

1:160^ 
1:80^ 


1:200^ 


positive 
positive 



Rabbit antiserum raised against EAV 

Horse serum was obtained from Prof. Dr. Ludwig, Berlin 



15 



20 



Table 8: 

SL'Satio'^Sbody titer by neutralization test (NT) in the serum of 5 horses 
after DN A vaccination with the cDN A EAV ORF 2, 5 and 7 and cDNA encodmg 
equine IL 2. 



Horse 



Pre- 
vaccine 
Serum 
22.5.2000 
TSn-Titer: 



1. Post- 
vaccine 
Serum 
5.6.2000 
NT- 
Titer: 



2.Post- 
vaccine 
Serum 
28.7.2000 
ISJT-Titer: 



3. Post- 
vaccine 
Serum 
22.9.2000 
NT-Titer: 



4. Post- 
vacdne 
Serum 
19.1.2001 
NT-Titer: 




5. Post- 
vaccine 
Serum 
16.3.2001 
NT-Titer: 



6. Post- 
vaccine 
Serum 
11.5.2001 
NT-Titer: 
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Table 9: 

Immunization schedule with the cDNA EAV ORF 2. 5 and 7 and ^^th cDNA encoding 
^^eT 2 Combined application of cDNA (in ^g) via Gene Gun (GG) and 
intramuscular injection (i.m.) 



Horse 


1. Basic 
immunization: 
23 .Mai 2000 


1 . Booster 
e.Juni 2000 


2. Booster 
21.Juni2000 


3. Booster 
14.Juli 2000 


Daggy 


35 ^gGG+1400 \xg 

i.m 


35 jigGG + 
1400 i.m 


35 ^gGG + 
1400 ug i.m 


35 \igGG + 
1400 ug i.m 


Frieda 


35 tigGG+ 1400 ^g 
i.m 


35 tigGGH- 
1400 ug i.m 


35 iigGG + 
1400 ug i.m 


35 jigGG + 
1400 fig i.m 


Friedrich 


35 jxgGG+1400 tig 
i.m 


35 ^gGG + 
1400 ug i.m 


35 ^gGG + 
1400 ug i.ni 


35 ugGG + 
1400 fig i.m 


Jessy 


35 (igGG+ 1400 ^g 
i.m 


35 ^gGG + 
1400 fig i.m 


35 ugGG + 
1400 ug i ni 


35 figGG + 
1400 ug i m 


Nelke 


35 tigGG+ 1400 ^g 
i.m 


35 ^gGG + 
1400 fig i.m 


35 ^gGG + 
1400 ug i ni 


35 figGG + 
1400 ug i ni 



10 



20 



Table 10 : Age of Horses 



horses 
antibodies* 



age (years) anti-EAV 



15 Daggi ^2 

Frieda 1^ 

Jessy ^6 

Friedrich 1^ 

Nelke ^ 



♦before immunization (10/99) 
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Table 11: Sample collection and immunization regimen 






DNA ^plication 


collection of 
plasma samples 


Isolationof 
PBMC* 


prae-immunisation 


n.d. 


02.03.00 


02.03.00 


prae-immunisation 


n.d. 


23.03.00 


23.03.00 


prae-immunisation 


n.d. 


22.05.00 


22.05.00 


Immunization 


23.05.00 


05.06.00 


05.06.00 


1. Booster 


06.06.00 


20.06.00 


20.06.00 


2. Booster 


21.06.00 


13.07.00 


13.07.00 


3. Booster 


14.07.00 


28.07.00 


28.07.00 




n.d. 


25.08.00 


25.08.00 




n.d. 


22.09.00 


22.09.00 



* peripheral blood mononuclear cells 
n.d.: not done 

5 



DR.n. GZ£S£ 



00496221739406 



SEITE: 22 



I.I 

it 
It 



J 9 

r I 

I, 



11 i 

If ? 
?l I 



1 ^ 



P- ST 



i 



o 

I 

o 

bo 



bo 



§ 



8 



o o 




a. 



■I. « s 



i I 



If if 



§ i 



o 

i 



p 



S- IT 

P ^ 

f 1 

§ § 



P 



i 

g 



p 

§ 



p 



p p 

§ § 



P p a. 

i i 



a. 



i. 



3. 



00 

P 



B. I I. 



I 

3 



CO 

p 



8L 



a. 

a so 



S 



I 



a. 5- 
• • 



21 



3!! 



B' 

^ z 



o 



o 

a* 

3 



i. 

DO 

I 



21 'iqei 



28*SEP-d3 17:54 




Docket no. APB-2 

Example 3 Cytotoxic T-lymphocyte (CTL Assay) 



1. Immunization of horses 



1.1. DNA application and observed skin reactions 

The horses (Daggy. Frieda, Friedrich, Jessy, Nelke) were immunized according to the 
immunization regimen (Table 14) by intramuscular Q.m.) injection and intradermal gene 
gun application of EAV ORF-2, EAV ORF-5, and EAV ORF-7 expression plasmids. 
The i.m. inoculations were applied to the muscuK 
semimembranosus/semitendinosus/gluteus. The gene gun appUcations of the DNA were 
performed on both sides of the neck. To enable an optimal gene gun DNA appUcation 
the corresponding parts of the skin (40 cm^) had been shaved before. The horses were 
investigated 24 h after the DNA applications for systemic and local reactions. None of 
the animals developed fever or local reactions such as thickening of the skin, 
development and involution of papules. Protocols are included as Tables 12 and 13 (see 
above). Photographs of the skin areas involved were taken 24 h after DNA appUcation. 



Table 


14 Samole collection and immunization regime 


1 




DNA application 


collection of 
plasma samples 


isolation of 
PBMC* 


Prae-immunisation 


n.d. 


02.03.00 


02.03.00 


Prae-immunisation 


n.d. 


23.03.00 


23.03.00 


Prae-immunisation 


ad. 


22.05.00 


22.05.00 


Immunization 


23.05.00 


05.06.00 


05.06.00 


1. Booster 


06.06.00 


20.06.00 


20.06.00 


2. Booster 


21.06.00 


13.07.00 


13.07.00 


3. Booster 


14.07.00 


28.07.00 


28.07.00 



♦peripheral blood mononuclear cells 
n.d.: not done 



1.2. Detection of EAV-specific antibodies 



Serum and plasma samples of the immunized animals were taken two/three weeks after 
the DNA applications as outlined in Table 14. 
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2. Preparation of target cells 

2.1. Transfection experiments in T25 ceU culture flasks 

Skin fibroblasts (1 .43 x 10^) cells) were incubated at srC and 5 and 5 V. CO. in T25 
(25 cm^) ceU culture flasks using Dulbecco's modified Eagles medium (DMEM) 
containing 10 V. fetal calf serum (FCS) and antibiotics. CeUs were transfected with 100 
DNA of a Green Fluorescent Protein (GFP) expression plasmid in 1.3 ml Optmiem 
(Gibco) by the addition of 87.5 ,1 LipofectAMINE- (Gibco). After 24 h ceUs were 
treated with trypsin and seeded in a concentration of 5 x lO' to 5 x 10^ ceUs per well m 
96-weU.plates. About 20 Vo of the cells were transfected after 24 h of incubaUon at 
37°C and 5 % CO2 as determined by immunofluorescence. 



3 



2.2. Titration experiments using polyclonal EAV-specific rabbit serum (11.08.98) 

Vero-cells (10^) were seeded in each well of a 96-well-plate and grown over night (o/n) 
in DMEM culture medium containing 10 % FCS and antibiotics at 37X and 5 V. CO2. 
The monolayers were subsequently infected with a 1:100 or 1:1000 dUuted Vero-cell 
propagated EAV stock (Institute of Virology, University of Leipzig). The first EAV- 
specific cytopathic effects (CPE) were observed 36 h post infection and the cultures 
were immediately fixed for 30 min with ethanol at 4°C. The 96.well-plate was stored 
with ethanol at -70°C. 

For immunohistochemical detection of viral antigens in infected ceUs. cultures were 
rinsed for 5 min with phosphate buffered saline (PBS) at room temperature (RT). In 
order to block endogenous peroxidases, cultures were incubated for 5 min with 7.5 % 
H.02 in methanol. Cells were rinsed with PBS and incubated for 1 h with serum 
dUutions (polyclonal EAV-specific rabbit serum from 11.08.98, pre-immune [rabbxt 
#98/8] from 10.06.98 ranging from 1:100 and 1:200 up to 1:1600 in 0.05 % Tween 20- 
PBS. Cultures were rinsed twice vnth 

0 05 % Tween 20-PBS and once with distilled water and incubated for 1 h with a 
biotinylated anti-rabbit antibody dUuted 1:750 at 37°C. CeUs were rinsed as before with 
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Tween 20-PBS and distilled water and incubated for 30 min at 37°C with streptavidin- 
peroxidase (1:500 in Tween 20-PBS). Cultures were rinsed again and the substrate AEC 
(14,25 ml Na-Acetat buffer 0.75 nl AEC, 75 \il H2O2 1:10 diluted in distiUed water) was 
added. Even in the highest antibody dilution (1:1600) clear positive reactions were 
ynsihle. 



2.3. Transfection of skin fibroblasts with EAV-specific expression plasmids 

Transfection experiments were performed simflarly to the protocol described in example 
2 using the 24.-well-plate format. Immunohistochemical analysis using the polyclonal 
EAV-specific rabbit serum (11.08.98), diluted 1:800 in 0.05 % Tween 20-PBS, showed 
that about 20 % of the ceUs were transfected with the EAV ORF-2, EAV ORF-5, and 
EAV ORF-7 expression plasmids. 

2.4. Culturing of target cells prior to CTL assay 

Skin fibroblasts of the horses were cultured in Iscove's modified Eagles medium 
(IMEM) containing 10 % FCS and antibiotics. Cultures were extended to three T25 cell 
culture flasks and transferted when being confluent for 80-90 % with each 100 \ig of the 
EAV ORF-2, EAV ORF-5, and EAV ORF-7 expression plasmids. After 24 h, cultures 
were treated with trypsin, cells were counted and labeled in suspension with '^Cr. 

3. Preparation of effector cells 

3.1. Inactivation of EAV using *"Cs y-rays 

In order to obtain \aral antigen for the restimulation of EAV-specific effector cells, 
Vero-cells were infected with EAV at a multiplicity of infection (moi) of 1. After 36 h, 
cell cultures were fi-eeze/thawed two times and the cultures were centrifuged for 5 min 
at 1750 X g. The supernatant was pelleted by centrifiigation o/n at 19.000 RPM. The 
pellet was resuspended in 3 ml PBS and the protein concentration was measured using a 
BCA-Protein Assay® (Pierce). Aliquots of the samples containing 2 mg/ml were stored 
at -70°C. 
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Samples were exposed on dry ice to "'Cs y-rays ranging from 15 Gy up to 1 k Gy. 
Vims titration on Vero-ceUs revealed that the infectious titre had decreased only by < 
logl, even after exposure to 1 k Gy. 

3.2 Inactivation of EAV using ultraviolet radiation 

Because EAV could not be inactivated by "'Cs y-rays, samples were exposed to 
ultraviolet radiation (254 nm) at a distance of 5 cm for 5 min up to 80 min. Vims 
titration on Vero-ceUs revealed that no infectious vims could be detected after a 5 min 
exposure. To completely inactivate EAV in the samples used for the restimulation of the 
effector ceUs. these samples were exposed for 30 min and stored aliquots containmg 2 
mg of protein per ml at -70°C. 

3.2. Culturing of effector cells prior to CTL assay 

PBMC were cultured in IMEM containing 10 % FCS and antibiotics. After stimulation 
for two days with 2.5 ^g/ml pookweed mitogen, ceUs were cultured for two days in the 
presence of 200 U of human recombinant JL-2 (Amersham-Pharmacia). EAV-specific 
cytotoxic T-cells were restimulated for four days with 30 ng/ml inactivated EAV in the 
presence of 100 U IL-2. Thereafter, cultures were extended for four days in the presence 
of 200 U of IL-2. Cells were counted and used in the CTL assay. 

4. Measurement of EAV-specific cytotoxic T-cells 

4.1. '^Cr-labeling of target cells 

After trypsin treatment, transfected target ceUs were resuspended in 1.5 ml and labeled 
for 2 h with 100 ^Ci "Cr/10^ ceUs. CeUs were washed three times with culture medium 
and 7.7 x lO' ceUs were seeded in each well of a 96 U-bottom ceU culture plate in a 
volume of 150 jil. Cultures were incubated for 4 h at 37°C and 5 % CO2 to let cells 
adhere to the plate. 



4.2. Addition of effector cells 
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PBMC were counted and added to the cutoes m 100 U volumes and effector/target 
cell ratios of 3:1. 25:1. and 50:1. CeUs were incubated for 8 h m a total volume of 250 

ul at 37°C and 5 % CO2. 



5 



10 



15 



20 



4.3. Measurement 



of ^'Cr release in cultures with different effector/target ceU ratios 



Culture plates were centrifoged at 1000 RPM for 3 min and each supernatant was 
n^easured for the presence of "Cr in a scintillation counter for 60 sec. Negative control 
culture supematants consisted of labeled cells without the addition of effector cells 
(spontaneous "Cr release of the ceUs). Positive control culture supematants consisted of 
cultures of labeled cells after cell lysis using 10 % Triton X-100 (maximum Cr 
uptake) The results of the '^Cr release of the individual cultures including the effector 
cells prior to immunization, two weeks after the 2nd immunization, and two weeks after 
the 3- booster immunization (Table 14) are included s. table 18. Figures Qa-e) show the 
calculated specific lysis ^ 0 according to Hammond SA, Issel CJ, and Montelaro RC 
(1998): General method for the detection and in vitro expansion of equine cytolytic T 
lymphocytes. J. Immunol Methods 213: 73-85. 

The data sheets of the ^^Cr release of the individual cultures show a relative small 
difference between the negative control culture supematants (spontaneous "Cr release 
of the ceUs) and the positive control culture supematants (Maximum ^Cr uptake by the 
cells). Tlie specific lysis is therefore difficult to measure, even if the standard deviations 
between the four individually handled cultures of each sample are smaU (Table 18). 

Example 4 DNA-Vaccination of horses 

1. Schedule for DNA for Vaccination of horses 

, May 23, 2000 1=* immunization day 0 

June 6,2000 2"* immunization day 14 

June 21, 2000 3"* immunization day 29 

July 14,2000 4* immunization day 51 
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2. Strategy and preparation of DNA for Vaccination 

2. 1 Application of DNA using HeUos CJene Gun System (BIO-RAD): 
2.1.1. Number of shots per animal and per vaccination: 10 
5 2 1.2. Total DNA per shot: 3.5 

2.1.3. Number of expression vectors used: 7 (the properties and source of the DNA 
used for vaccination are summarized in Table 1 5) 



1. 

10 2. 
3. 



PCR3.1-EAV-02-BX-C5 5. pCR3.1-EAV-07-BX-C3 

PCR3.1-EAV-05.BX-C14 6. pDP-EAV-07-BgS-C2 

pDP.EAV-05.BgS-Cl 7. pCR3.1-Horse-IL2 



4. pCR3.1-fflS-EAV-05del-121-C12 



15 2 1.4. DNA of individual expression vector per shot: 0.5 jig = 500 ng 

2.1.5. Total DNA ofindividual expression vector per animal and per vaccination: 5 ^g 

2. 1 .6. Total DNA per vaccination per animal: 7 x 5 = 35 ng 
2 .1.7. Number of animals: 5 

2.1.8. Total DNA ofindividual expression vector per vaccination: 5 x 35 = 175 jig 
20 2.1.9. Number of vaccination: 4 

2.1.10. Total DNA ofindividual expression vector administered: 175 x 4 = 700 jig 

2.2. Application of DNA through intramuscular route. 

2.2.1. Number of inoculations per animal and per vaccination: 4 

25 2 2 2. DNA ofindividual expression vector per inoculation: 50 ng 

2.2.3. Total DNA of individual expression vector per animal and per vaccination: 50 x 

4 =200 ng 

2.2.4. Number of expression vectors used: 7 (see Table 1 5) 

2.2.5. Total DNA per vaccination per animal: 7 x 200= 1 .4 mg 
30 2.2.6. Number of animals: 5 

2.2.7. Total DNA of expression vector administered: 5 x 1.4 =7.0 mg 

2.2.8. Number of vaccination: 4 

2.2.9. Total DNA ofindividual expression vector administered: 200 x 5 x 4 = 4 mg 

2.2.10. Transfection reagent: 
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DOTAP Liposomal (Roche; Cat.# 1811177) 50 ,g/ml BME (3 myanimal) 
Buffer I containing DNA (yellow cup tube) 
Lipofectin (Life Technology; Cat* 18292^11) 50 .g/MBME (3 nd/animal) 
Buffer n (white cup tube) add to DNA prior to application 

Table: 15: Properties of the cDNA used for the undividual DNA- 
vaccination of horses 



1 Expression vectors 


DNA used per vaccination by 

^,p/horse 




fjpn^.r^nisr 1 Classical i-m. 


fpCRS l-EAV-02-BX-£5_(lHg/^l)* 
1 clone/5. Passage 16.06.1999 
f^pnr p-«H..r*- small glvcoprotem 


5 200 


r^R3 . 1.EAV-03-BX-C1 (l^g/^l)* 
1. clone/6. Passage 17.06.1999 
Genf p-'"*"''*'- unknown 




r^CR3.1-EAV-04-BX-Li (l^g/^ll)• 
1. clone/6. Passage 18.06.1999 
Gcni' p>-"'<"''f- unknown 




PCR3.1-EAV-05-BX-04 (l^g/^^0 
1 clone/5. Passage 05.06.1999 

pDP-EAV-05-BgS-Cl (l^lg/nl) 

l.clone/5. Passage 07.06.1999 

pCR3 l-HIS-EAV-05del-121-C12 (l(ig/|il) 

1 clone/6. Passage 04.06. 1999 

Cent r-"-'"-*- '"'•''^ envelope Hvcoprotein 


5 200 
5 200 
5 200 


rpCR3.1-EAV-06-Bb-C4. (lug/nO 
l.clone/5. Passage 15.06.1999 
Gene product: .^^i^Hrime nrot«»n 




f pCR3 l-EAV-07-BX-y3 (l^g/^l) 
1 clone/6. Passage 09.06.1999 
pDP-EAV-07-BgS-C2 (l^g/nl) 
1 clone/5. Passage 10.06.1999 
Gene pr'T''"'-*- nnrleocaDsidfiroton 


5 200 
5 200 


pCR3.1-Horse-IL2 (l^g/2^1) 
2.clone/2. Passage 06.02.2000 
Gcnf prir'*"'-*- ""^se interIeukin-2 


5 200 



10 
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3. Preparation of the DNA for vaccination of horses using 
HeUos Gene Gun System (BIO-RAD) and optimization Kit 
(Catalog 165-2424) 

3.1. Calculation: 

3.1.1. MLQ = 1 (Img Au/shot) 

3. 1 .2. DRL = 3.5 (3.5 ng DNA/ mg Au, particle =1.6 ^m) 

3.1.3. Cartridge length =13 mm 

3.1.4. Nalgene tubing = 750 mm 

3.1.5. Factor for Au = 750/13 = 58 mgAu 

3.1.6. 58x3,5 ng DNA = 203 ng DNA -210 tig DNA 

3.2. Procedure: 

3.2.1. Inal.Sml microfuge tube, weigh out 60 mg Au. 

3.2.2. To the measured Au add 210 ^l 0.05 M Spermidine. 

3.2.3. Vortex # 3.2.2. for few seconds, then sonicate 3-5 seconds. 

3.2.4. To the Au and Spermidine mixture, add 210 ^g total DNA of seven expression 
vectors = 30 ng of individual expression vectors). 

3 .2.5. ^Ex DNA Spermidine and Au by vortexing ~ 5 seconds. 

3 .2.6. Add 2 1 0 nl CaCh dropwise into #3.2.5. while vortexing at a moderate rate 

3 .2.7. Precipitate for 1 0 min in room temperature. 

3.2.8. Most of the Au wiU now be in a pellet, but some may be on the sides of the tube. 
The supernatant should be relatively clear. Spin the microcarrier solution in 

a microfiige for 15 seconds to pellet the Au. 

3.2.9. Remove the supernatant and discard. 

3.2.10. Resuspend the peUet in the remaining supernatant by vortexing briefly. Wash the 
pellet three times with 1 ml 100 % ethanol each time. 

3.2.1 1. Spin for 5 seconds in a microfuge between each wash. Discard the supematants. 

3.2.12. After the final ethanol wash, resuspend the pellet in 200 \il of the ethanol 
solution containing 0.05 mg/ml PVP in ethanol. 

3.2.13. Add # 3.2.12 in 2800 fil 0.05 mg/ndPVP in ethanol. 
3 .2.14. Preparation of cartridges: 

May 20, 2000: 300 cartridges were prepared according to the above protocol and the 
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Helios Gene Gun system Instruction Manual. Each cartridge = single shot contains 
3.5 ^g DNA corresponding to 0.5 jig = 500 ng DNA of individual expression vectors. 



10 
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4. Preimmune sera 

The preimmune sera of 5 horses (Daggi, Frieda, Friedrich, Jessy, and Nelke) that were 
obtained in October 1999 and analysed by NT and ELISA tests developed in our 
laboratory for screening of antibodies against equine arteritis virus (EAV). The results 
are summarized in Table 16. 

Table 16: The results of neutralization (NT) and ELISA tests in which the 
preimmune sera of 5 horses were screened for existence of a humoral 
immune response developed during a natural infection with wUd type 
equine arteritis virus (EAV) 



No' 


Horse 


Titre of serum 


Titre of seru 


Remarks 


1 


Daggi 


1:40 


1:100 


posinve 


2 


Frieda 


1:20 


1:50 


boundary 


3 


Friedrich 


1:10 


<1:50 




4 


Jessy 


1:10 


<1:50 




5 


Nelke 


1:10 


<1:50 






Positive 
Control 


1:160*^ 
1:80*^ 


1:200 


positive 
positive 




Serum 









20 



JVlUllipuCliy Ui. lUXCi^iivJAi yx^^^M./. Avvr w ^ 

^ Rabbit antiserum raised against EAV 
Horse serum was obtained from Prof. Dr. Ludwig, Berlin 



Vaccination protocol 
25 Tuesday, May 23, 2000 



1 . Race of horses: Jessy: Shetland Pony, Rest: so caUed " Warm-blooder^' 

2. Age of horses 
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2. 1 . Daggj: 22 years old 

3.2. Frieda: 16 years old 

3.3. Friedrich: 10 years old 

3.4. Jessy: 16 years old 
5 3.5.Nelke: 6 years old 



3. Vaccination: 








3.1. Jessy 


start 


12.15 


end 


12.22 (10 X shot: 5 per neck side) 


3.2. Nelke 


start 


12.30 * 


end 


12.38 (10 X shot: 5 per neck side) 


3,3. Daggi 


start 


12.45 §& 


end 


12.55 (12 X shot: 6 per neck side) 


3.4. Frieda 


start 


12.47 §& 


end 


12.57 (12 X shot: 6 per neck side) 


3.5. Friedrich 


start 


13.10 § 


end 


13.15 (12 X shot: 6 per neck side) 



* Sedativum: Domosedan (Pfizer) = Methyl-4-hydrooxybenzoad 1 ml i.v. (10 mg) 
§ Rometar (Serum-Werk Bemburg) = Xylazin i.v. MethyM-hydrooxybenzoad 
& Daggi and Frieda had been vaccinated together 



4. Sera: 2"** preimmune serum was taken on Monday, May 22, 2000 
(3 ml per animal) 

5. May 24, 2000: All vaccinated horses developed skin reactions "DTH-reaction" 
at the target of the shot. 



Tuesday, June 6, 2000 

25 

6. Sera: 1"" post vaccinated serum was taken on Monday, June 5, 2000 (3 ml per 
animal) 



7. Vaccination: 










3 .1. Frieda 


start 


12.25* 


end 


12.30 


(10 x shot: 5 per neck side) 


3.2. Daggi 


start 


12.27* 


end 


12.33 


(10 X shot: 5 per neck side) 


3.3. Jessy 


start 


12.37* 


end 


12,43 


(10 X shot: 5 per neck side) 


3.4. Nelke 


start 


12.44* 


end 


12.47 


(10 X shot: 5 per neck side) 


3.5, Friedrich 


start 


12.49* 


end 


12.54 


(10 X shot: 5 per neck side) 
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♦ Sedativum: Rometar = Xylazin i.v. Methyl-4 hydrooxybenzoad 2«'/ 
(Semm-Werk Bemburg) 



Vaccination protocol 
Tuesday, June 21, 2000 

8. Sera. 2'"' post vaccinated serum was taken on Monday, June 20, 2000 (1.5 ml per 
animal) 



15 



9. Vaccination: 

5.1. Frieda start 12.10* end 12.16 (12 x shot: 6 per neck side) 

3.2. Daggi start 12.17* end 12.20 (12 x shot: 6 per neck side) 

3.3. Jessy start 12.25* end 12.28 (12 x shot: 6 per neck side) 

3.4. Nelke start 12.29* end 12.32 (1 1 x shot: 5 & 6 per neck side) 

3.5. Friedrich start 12.36* end 12.39 (12 x shot: 6 perneck side) 



* Sedativum: Rometar = Xylazin i.v. Methyl-4 hydrooxybenzoad 2% 
(Serum-Wra-k Bemburg) 

Vaccination protocol 
20 Friday, July 14, 2000 



10. Sera: 3"" post vaccinated serum was taken on July 13, 2000 , 1 .5 ml per animal 
25 11. Vaccination: 

3.1. Daggi start 12.00* end 12.07 (12 x shot: 6 per neck side, 530 
psi) 

3.2. Frieda start 12.08* end 12.11 (12 x shot: 6 per neck side, 530 
30 psi) 

3.3. Jessy start 12.21* end 12.24 (12 x shot: 6 per neck side, 430 
psi) 

3.4. Nelke start 12.25* end 12.27 (12 x shot: 6 per neck side, 500 
psi) 
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3.5.Friedrich start 12.35* 
psi) 



end 12.42 (12 x shot: 6 per neck side, 400 



* Sedativum: Domosedan (Pfizer) = Methyl-4-hydrooxybenzoad 1 ml i.v. (10 mg) 
§ Rometar (Serum-Werk Bemburg) = Xylazin i.v. Methyl-4-hydrooxybenzoad 

12. Sera: 4*postvaccinatedserumwastakenonJuly28,2000, 1.5 mlperanimal 

13. Determination of neutralizing antibody 

The determination of neutralizing antibodies of individual horse sera (30 serum samples 
that v^ras labeUed with code number 1-30, see Table 3) was performed. The results of 
neutralization tests are summarized in Table 17. 

Table 17: The results of neutralization tests (NT) in which the sera of five horses 
were screened for detection of a humoral immune response developed 
after DNA vaccination with the cDNA of ORFs 2, 5, and 7 of equine 
arteritis virus (EAV) as indicated in Table 15 and 16 



Horse 


NT-Titre of individual horses taken at the different ti 
prior and post DNA-Vaccination' 


mes 




Preimmune 
senun 1 
20.10.1999 


preimmune 
serum 2 
22.05.2000 


post 

vaccinated 
serum 1 
05.06.2000 


post 

vaccinated 
serum 2 
20.06.2000 


post 

vaccinated 
serum 3 
13.07.2000 


post 

vaccinated 
serum 4 
28.07.200 


l.Dag^ 


1:16 
(#01) 


1:64 
(#06) 


1:256 
(#11) 
1:256' 


1:256 
(#16) 


1:256 
(#21) 
1:256' 


1.256 
(#26) 


2. Frieda 


<1:2 
(#02) 


<1:2 
(#07) 


1:256 
(#12) 
1:256' 


1:256 
(#17) 
1:256' 


1:128 
(#22) 


1:256 
(#27) 
1:256' 


2. 

Friedrich 


<1:2 
(#03) 


<1:2 
(#08) 


1:64 
(#13) 


1:128 
(#18) 


1:128 
(#23) 


1:128 
(#28) 


4. Jessy 


<1:2 
(#04) 


<1:2 
(#09) 


1:256 
(#14) 
1:256' 


1:256 
(#19) 
1:256' 


1:256 
(#24) 
1:256' 


1:128 
(#29) 


5. Nelke 


<1:2 
(#05) 


1:8 (#10) 


1:256 
(#15) 
1:512 
r#15) 


1:128 
(#20) 


1:256 
(#25) 
1:512' 


<1:2"' 
(#30) 
1:256" 



' DNA-Vaccination of horses was performed as follows: 
May 23 2000- 1"* immunization (day 0), June 6, 2000: 2"" immunization (day 14), 
June 2l', 2000: 3"* immunization (day 29), and July 14, 2000: 4"^ immunization (day 51) 
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The number in parenthesis indicate the code number of individual sera used by 
neutralization test, that was performed by Dr. Herzog. Veterinary laboratory at the 
Institute for cUnical analysis, 71611 Ludwigsburg, Germany. 

^ This titre has to be checked again. 
5 ^ The titre 1 :2 was a type mistake. The correct titre was found to be 1 :256, 

(Dr. Herzog laboratory, 08/20/2000) 

' The results of the second analysis obtained from those sera with a titre of 1:256, 
(Dr. Herzog laboratory, 09/06/2000) 

10 Biological material 

14. Sera: 5* post vaccinated serum was taken on August 25, 2000 ( 2 x 1 ,5 ml per animal) 

15. Sera: 6* post vaccinated serum was taken on September 22, 2000 (2 x 1,5 ml per animal) 

16. Sera: 7* post vaccinated serum was taken on October 23, 2000 (2 x 1,5 ml per animal). 



Example 5 
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Table 20: Summary of the measured cytotoxic T-l>nipliocyte activities 
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x= xtf3il1 + x-ji(25iU + gi>rsO;l> - after im m u n iaatlon 
3 

y = Y ^Otll + v^qSiil + vgrsOil^ « before tm m utttaation 
3 

X - y B absolute increase of the specifie lysis is percent 



x; 

• . s 0-5% 

♦ + = >5-lp% 
, ++ B >10'20% 
« +++ = >20^0% 



Table 20 



Table 1 9: Summary of the measured cytotoxic T-l>inphocyte activities 
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X- xi(3;l^ + xra5it^ + r,fSO!l> = after immunlzattoa 
3 

y = v j^(3!l> + v^ggin -f Y^fSO;!^ = before immunization 
3 

X - y = absolute increase of the specific lysis in percent 



x: 

• + = >0-5«/o 

• -H- = >5-10H 

• +++ = >10-20% 

• ++++ « >20-30% 
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